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Ever since industrialization, manufacturing companies have competed with each other 
in trying to make the best and the cheapest product and the automotive industry is definitely 
no exception. The ‘arms race’ between truck and car manufacturers has pushed manufacturing 
technology and production practice to where it is today. However, whereas companies have 
traditionally competed with the engineering excellence and technology of their products, the 
human effort in production is often neglected. After all, there are still many tasks that require 
the flexibility and intelligence of a human worker. 
This thesis focuses entirely on the information context of assembly workers. It 
investigates and discusses their general information behaviour in terms of information need, 
syntax of information, information sources and technology as well as basic cognitive abilities 
used to utilize information such as attention and memory. The thesis presents relevant 
literature on the subject of information behaviour and pinpoints potential hazards of 
information design in manual assembly. It also identifies three hypotheses that suggest 
improved productivity and quality of work as a result of certain changes in the information 
landscape. One hypothesis deals with the layout of information, a second deals with the 
syntax used to identify parts and a third deals with the information medium used to convey 
information. 
Analysis of empirical data gathered shows, among other things, that using unstructured 
and batched information favours productivity of work; using a syntax with semantic content 
as opposed to traditional article numbers without any semantic content also improves 
productivity of work; and using a mobile information unit betters the quality of work. 
The purpose of the thesis is to present the beginnings of a road map towards the greater 
understanding of information presentation in manual assembly. As previous research on this 
application area has been scarce, it draws upon existing theories found in other sciences, 
primarily cognitive science and its applications such as Human-Computer Interaction (HCI), 
information theory and human error. 
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? ?????????????
Henry Ford supposedly said that "Any customer can have a car painted any colour that 
he wants so long as it is black" (Ford, 1922, p. 72). The fast-dry black paint was one out of 
many key pieces in Ford’s rational production, built entirely around a Tayloristic1 
methodology (Taylor, 1911, Blake & Moseley, 2010). Pushing down costs and prices were 
Ford’s ways of attracting buyers to their cars. Today, quality and variety become more 
important in the struggle for satisfying and exceeding customer needs and expectations. Just 
about any car from any manufacturer can be bought in a wide variety of colours, engines, 
upholsteries, chassis, bodies, gearboxes etc., which ultimately results in thousands of possible 
combinations. To exemplify, consider one single assembly work cell. Suppose that six main 
parts are assembled in this cell (excluding nuts, bolts and gaskets). If only three of these parts 
can be replaced by a variant part, there are eight unique combinations of this product in this 
particular cell. Considering that a normal engine assembly line consists of about 20-25 work 
cells, with this variety of parts, the number of possible configurations would grow even more 
rapidly. Include the assembly of the rest of the truck or car, and the number of possible 
combinations grows rapidly. With this wide variety of options comes the challenge of meeting 
the customers’ needs for customization while maintaining the advantages of large scale, serial 
                                                
1 Taylorism (also known as Scientific Management), named after management consultant Frederick Winslow 
Taylor (1856-1915) is a theory of management that focused on empiricism, work ethics, efficiency and, perhaps 
what it is most known for, elimination of waste.  
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production whilst still ensuring good quality. In this thesis, this situation will be called mixed 
mode assembly.  
Mixed mode assembly is when both routine (volume) assembly and non-routine 
(variant) assembly are carried out simultaneously. Most automotive assembly workers 
perform routine work for the most part. However, every now and then, their routines are 
disturbed by non-standard products, resulting in mixed mode assembly. From a human 
performance perspective, it could be argued that pure routine or non-routine work would be 
preferable. In routine assembly – the worker would not have to worry too much about what to 
do as most of it will become automated (see section 2.4). In non-routine assembly – the 
worker would be aware of the changing nature of the work and would thus always be 
prepared to deal with different product configurations. However, in mixed mode assembly, 
the chances are that, as most of the assembly is high volume products, the worker will adopt a 
routine-assembly-behaviour, and thus not be ready for variant products. Mixed mode 
assembly is at the core of this thesis and will be one of the main premises for all experiments. 
This chapter gives an introduction to the thesis and presents the underlying thoughts as 
to why this work has been undertaken. The chapter presents three hypotheses that will be in 
focus throughout the thesis and also explains the rationale for these hypotheses. 
??? ??????????????????????????
The “arms race” between automotive manufacturers has really been going on since the 
invention of the car. Manufacturers have constantly challenged each other in their attempts to 
attract buyers to their products. Although, through the years, focus may have shifted between 
making the best looking car, the most environmental car or the fastest car etc., all for the sake 
of customer attraction, two main pillars have remained the same; making it cheap while 
keeping good quality. Paradigms and approaches to manufacturing have come and gone and 
the development of computers and thereby highly automated manufacturing has had great 
impact on how cars are made today. But what has changed about the humans working in the 
manufacturing process? Without exaggerating too much, one could say that, while many of 
the tasks that used to be manual have become automated, the tasks that remain manual are still 
to a large extent performed in the same way they were a hundred years ago. Perhaps there are 
not too many ways to physically assemble an exhaust for instance, but an assembly task is so 
much more than the physical act of joining parts together. 
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The focus of this thesis has been born through witnessing the industry’s ignorance of 
the effect of information design in manual assembly. The tendency is to only differentiate 
between correct and incorrect information and leave all other information related issues aside. 
The magnitude of what is missed by this view of information is great. For instance: necessary 
or unnecessary information, physical and temporal accessibility of information and simple 
information layout based on basic cognitive abilities are issues that might be ignored (Abowd 
& Dix, 1994). 
The research is focused on information design and cognitive ergonomics. Traditionally 
researchers within this area tend to focus on very hands-on interface design issues including 
design principles, heuristics and evaluation of interfaces. This research has concern for these 
issues although the aim is to lift them to a higher and perhaps more abstract and general level 
of information design. The thesis takes a descriptive rather than a normative approach to the 
research topic. Instead of being concerned with specific interfaces and design rules, it focuses 
on the information design architecture. This mainly involves taking a user-centred approach 
and investigating how different types of information presentation affect users. This includes 
issues of when and where information is presented as well as in what form or through what 
medium. In traditional human-computer interaction (HCI), it is accepted that the usability of a 
computer interface strongly affects work quality and performance (Nielsen, 1993). A fact that 
also has been used when developing other, digital and non-digital, interfaces where the 
tolerance for error is very small such as control panels for nuclear power plants, helicopter 
and airplane cockpits etc (Rasmussen, et al., 1990, Vicente, 1999, Sanderson, 2003). It is 
suggested, along the lines of usability theory (Nielsen, 1993, Preece, et al., 2002, Dix, et al., 
2004a)  and Cognitive Work Analysis (CWA) (Vicente, 1999), that the way information is 
presented in a manual assembly domain, could have great impact on both quality and 
efficiency. It is also conceivable that it could have a positive effect on work satisfaction. 
Many of the information systems used in assembly today are lacking with respect to human 
factors, primarily regarding usability (Bäckstrand, 2010). Information is presented in ways 
which expect the worker to perform various degrees of non-value adding mental processing. 
This includes but is not limited to: 
• Poor trigger design 
• Unnecessary translation of data into information  
• Information layout and structuring problems in assembly instructions 
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 To a large extent, the topic of the thesis is approached with the human-interface 
interaction at the centre of considerations. The research is based on the model in Figure 1-1, 
where a combination of the information value/structure and the conveying medium is what 
determines the interaction and consequently strongly influences the outcome of the work. 
 
?????????????????????????????????????????????????????????????
 Figure 1-1 illustrates several aspects of this research. Firstly, the data sources, their 
content and availability with all that this entails. Secondly, how the interface between 
information source and human actor emerges from both the medium used, and the actual 
information. This includes different types of syntaxes and layouts of information combined 
with the limitations and opportunities coupled with the medium. Also, the contextual issues 
that affect how the user understands the information are illustrated in the figure. 
??? ???? ???????
Throughout this thesis, focus is on testing solutions and hypotheses that in the end can 
help manufacturers ensure good quality and productivity. However, the issue of quality and 
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productivity is much more complex than it may initially appear. For example, differentiating 
between the two can become increasingly hard if it is given some thought.  
First of all, experiments reported in this thesis suggest a negative correlation between 
the two where, efforts to increase the quality of a product manufactured at a plant would most 
likely lead to a dip in productivity, even if only perhaps temporarily. In the same way, sending 
out orders to a plant that productivity needs to go up by 10% would most likely lead to a dip, 
however temporary, in quality (Belcher, 1987, Kaydos, 1991). This issue is also found and 
discussed in study 2 (Chapter 5). 
The quality and productivity concepts influence each other very much and are 
sometimes interchangeable with each other; an error in assembly would most likely lead to 
the product being taken aside from the production line to be evaluated and perhaps corrected 
(depending on the product and the nature of the error). So, what starts as a quality issue 
(assembly error) has implications on productivity, mainly in the fact that resources and 
personnel have to be assigned to evaluating and correcting the faulty product (Lee, et al., 
2007).  
Since the quality and productivity concepts can be so interchangeable, this thesis makes 
use of easier, more distinct metrics as indicators of quality and productivity. As the thesis and 
the experiments concern different types of assembly, the number of errors (or accuracy) and 
assembly time will be discussed instead of quality and productivity. 
??? ???????????
The aim of this research is to identify key risk areas in manual assembly and further 
investigate these through experiments. The hypotheses identified are: 
Hypothesis 1  Using unsequenced data and thus minimizing the amount of 
presented information reduces errors and assembly time. 
Hypothesis 2  The use of symbols as opposed to article numbers reduces errors and 
assembly time. 
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Hypothesis 3  A mobile information system increases the range2 of information and 
thus reduces errors and assembly time. 
????? ?????????????? ????????????
In the investigation of using sequenced and unsequenced information, described in 
Chapter 4, hypothesis 1 suggests that using unsequenced, batched information as opposed to 
sequenced information reduces assembly time (productivity) and errors (quality). This is 
argued to be due to the reduction of data presented to the worker.  
Part Quantity Description 
Part A 1 Assemble part 
Part B 1 Assemble part 
Part A 1 Assemble part 
????????????????????????????????????????????????
As can be seen in Figure 1-2, sequenced information presentation presents parts in the 
order that they are to be assembled. While this might be preferred when presenting 
information to novices assembling furniture from IKEA, the expertise in a manufacturing 
assembly environment can probably be expected to be higher. Consequently, this research 
proposes and explores the use of unsequenced, batched information presentation so that the 
information presented in Figure 1-2 may look like Figure 1-3: 
Part Quantity Description 
Part A 2 Assemble part 
Part B 1 Assemble part 
???????????????????????????????????????????????????????????
It is argued that presenting unsequenced, batched information as opposed to sequenced 
information saves space on the information medium, reduces cognitive strain related to 
                                                
2 Whereas ’range of information’ traditionally refers to variety of information it is used in a different way in this 
thesis. It refers to spatial range of information, i.e. the area where a piece of information can be reached. 
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information search, and saves in the non value adding activity of information search 
(Sawhney, et al., 2009). Naturally, simple cases like the ones in the figures above, where the 
reduction of data is limited to the elimination of one row, would not be considered a major 
improvement but applying this to normal work instructions with 15-20 different parts might 
induce an improvement in both quality and productivity. This issue is investigated further in 
Chapter 4. 
????? ?????????????? ????????????
The suggestion of using symbols as opposed to article numbers in information 
presentation for assembly is based on the idea that symbols carry semantic content about 
themselves that article numbers do not, and therefore they are easier to percept, process and 
recall. Chapters 4 and 6 investigate this. The first experiment investigates only the differences 
between symbols and article numbers and the second experiment investigates symbols, article 
numbers and names of famous characters.  
It is evident that it is most likely to be easier to process symbol representation over 
article numbers as the symbols are shorter, consisting of one character, whereas article 
numbers usually consist of several characters. However, as mentioned above, the number of 
characters within a representing element is not hypothesized to be the reason for this 
difference. Rather, any difference found between the two is believed to be a result of the 
semantic content that the two representational modes include. An article number, “564163”, 
has no connection to the long term memory of the user and is therefore subject to the risk of 
short term memory limitations. A symbol, “Ω”, on the other hand, is most likely established 
in the user’s long term memory as “Omega”. It is very likely to have personal meaning to the 
user, for example, the user might associate it to Greece and the Greek alphabet, it might be 
associated to electrical engineering as Ω is used as the symbol for ohm, a unit of electrical 
resistance, etc. The associative possibilities are great and this is believed to result in better 
recognition, recall and matching with the same symbol on the parts shelf. 
While reading, it has long been established, that humans do not read each letter and 
form them into words (Bouma & De Voogd, 1974, Garzia & Sesma, 1993, Rookes & 
Willson, 2000). Rather, reading is a pattern recognition task of the entire word, assuming that 
the word is not too uncommon or too long. Therefore, study 3 (Chapter 6) also includes the 
use of names of famous characters from history or popular culture. Just as “Ω” is believed to 
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already be coded into the user’s long term memory, “Jesus” or “Chewbacca”, are thought to 
be as well and the user most likely has some kind of personal association with these historical 
or fictional figures that will aid memory and perception in matching it to the correct item to be 
assembled. 
The hypothesis states that symbols are better suited to present assembly information 
than article numbers due to the semantic connection already existing between the symbol and 
the brain. Symbols are recognized in long term memory and are easily available for 
recognition, recall and memory. Article numbers are not connected to long term memory and 
thus will need to be kept in short term memory while the task is carried out. However, using 
only article numbers and symbols may give rise to legitimate criticism as the number of 
characters in the two types of representation differs. Common sense indicates that it is easier 
to remember one character or digit as opposed to six of them. This uncontrolled variable, 
article length, will give rise to a confounding of the results which can only be counteracted by 
also comparing symbols and article numbers with something that has multiple characters and 
also semantic content, thereby justifying the use of famous names. The names consist of 
several letters and thus correspond with article numbers whereas they also include the 
semantic grounding to the long term memory. The expected outcome is that article numbers 
should generate the worst results whereas names and symbols should be equally good in 
supporting the idea of the semantic content of the trigger being the most important part. 
????? ?????????????? ????????????
Looking at assembly domains, one can clearly see that information presentation 
technology is rarely adapted to humans. It is rather the other way around; the workers have to 
adapt their work strategies to fit the information technology. A clear example is the use of 
stationary computer terminals as information sources. These are not very mobile, as at best 
they can be turned or tilted to afford better visibility but can rarely be moved from their 
position. While working in a work cell which has limited space this might not be much of a 
problem. The information is never farther away than can be accessed by a turn of the head. 
However, in automotive assembly, work cells can range in length from 1 to 15 meters with 
the study investigating this hypothesis focusing on truck chassis assembly where work cells 
are typically about 11 meters. This length of work cell would also need a reasonable range for 
the information. A stationary computer terminal or even a large binder of printed papers, 
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which can be very impractical to move around and is common practice in many assembly 
factories, has limited range and depending on font and screen sizes can be difficult to see from 
a few meters away. When working in such a work cell, the worker has two choices for 
information gathering: 
1. Use precious time and physical effort to move towards the information source and 
gather information. 
2. Rely heavily on memory and experience to make correct choices in assembly. 
Obviously, neither of these is desirable. Selecting the first option would probably be 
considered the preferred alternative from an organizational perspective as it would be 
supposed that the correct assembly is made as long as the assembly instructions are followed. 
However, assembly workers are often stressed and short of time and this behaviour would 
eventually increase stress and ultimately result in quality risks. The second alternative is 
better in terms of work load and stress but would obviously entail a huge quality risk if 
memory and experience fails. In the long run, both of these would ultimately result in both 
quality and productivity issues. 
So, how can this problem be remedied? Aside from the possibility of removing the need 
for information, logically there is only one way to go about this problem; increase the range of 
the information source. A greater range of the information source would result in the worker 
being able to receive information while spatially distant to the source. There are several ways 
to increase the range of information: 
• Use a physically larger information source 
o A larger screen, which would allow for better resolution and larger fonts 
would allow the worker to see the information source from a greater 
distance. However, this still requires free sight to the source and may not be 
very practical. A 50+” screen on each station is perhaps not economically 
viable or very space-saving. 
• Use auditory information sources 
o Presenting information by sound would allow for greater distance between 
the worker and the information source. An auditory source would not be 
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dependent on free sight of the source. However, since the application in this 
research is manufacturing and assembly environments, this may not be the 
best solution as these environments are often noise polluted. The use of 
auditory information sources would probably be more suited in quiet 
environments or where the worker can wear a headset. 
• Move the information spatially closer to the task area 
o This would allow the worker to have the information where it is needed. 
However, there are often many tasks spread out on for example a truck 
chassis, and it would be difficult to have separate information sources for all 
tasks. A mobile information source would be better suited. 
 The three solutions to the problem all have their strengths and weaknesses. A larger 
screen might be suitable for certain environments where it is economically feasible and 
practical and a sound based information source may work well in a quiet environment. This 
research investigates the use of a mobile information source such as a Personal Digital 
Assistant (PDA) which the worker can carry with him at all times. This would allow the 
worker quick and effortless access to information where and when it is needed. It is also more 
practical compared to other options. A PDA can also be argued to allow effective interaction 
with the information system, something that most other options do not. The hypothesis for the 
experiment suggests that the use of a PDA as an information source is significantly better in 
terms of both assembly time and number of errors when compared to a computer terminal or a 
stationary computer, due to the increase in range of information that is the nature of using a 
mobile information interface. 
??? ????????? ??????????
The Aim of this research has already been stated as: 
to identify key risk areas in manual assembly, further investigate these through 
experiments and create new knowledge in the field 
The overall research objective is to study and substantiate the three hypotheses so as to 
determine whether or not: 
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1. The use of unsequenced data to minimise the quantity of information supplied 
results in reduced errors and assembly time. 
2. The use of symbols as opposed to article numbers results in reduced errors and 
assembly time. 
3. The use of a mobile information system to increase the range of information results 
in reduced errors and assembly time. 
The research is also aimed at substantiating the findings of the research project MyCar 
(Section 1.5 and Chapter 3). 
??? ???????????????????????????????????????
This research has been made possible through generous funding from the EU-funded 
project MyCar (Flexible assembly processes for the car of the third millennium, NMP2-CT-
2006-026631), where the focus was on manual and highly automatic assembly processes for 
the automotive industry. Noted collaborators within manual assembly have been; Volvo 
Trucks, Volvo Technology, University of Skövde, Chalmers University of Technology, 
University of Patras, CASP, and Emphasis Telematics. The work has been carried out while 
employed as a researcher at the University of Skövde, Sweden and registered as a PhD-
student at Wolfson School of Mechanical and Manufacturing Engineering at Loughborough 
University, UK. 
??? ???????? ?????????
The thesis investigates the three hypotheses stated in section 1.3 through three empirical 
studies presented in Chapters 4, 5 and 6. These are preceded in the thesis by a literature 
review (Chapter 2) and a pre-study (Chapter 3), where initial observations have resulted in 
valuable input towards creating the hypotheses and setting up the experiments. Chapter 7 
discusses the three experiments and how they relate to each other and to the entire area and 
finally Chapter 8 discusses the future work recommended in the field. 
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? ??????????????????
Finding a definition that describes information and information behaviour is harder than 
it may seem. Most people have a general idea of what constitutes as information, but to find 
some common ground Wilson (2000, p. 49) says that information behaviour is “the totality of 
human behaviour in relation to sources and channels of information, including both active 
and passive information seeking and information use.”  
 Throughout this chapter, the aim is to present background about what information to 
present and in what manner. The research as a whole will attempt to merge human factors and 
cognitive ergonomics theories with manufacturing as there is very little literature on the role 
of human cognition in industrial assembly performance (Shalin, et al., 1996, Richardson, et 
al., 2006). As manual assembly is moving towards a high degree of customization and mixed 
mode work, engineering methods and methods for economizing human motion etc., have been 
developed. However, they provide little or no help in analysing the information behaviour and 
information context which becomes even more important in mixed mode assembly. 
Section 2.1 discusses past cognitive approaches to manual assembly and manufacturing; 
approaches that traditionally have been used to mathematically or logically predict user 
behaviour. Sections 2.2, 2.3 and 2.4 discuss attention theory and how the capacity of human 
attention posits certain challenges in designing for cognitive work. The nature of attention and 
attentional processing is also discussed as a way of presenting plausible explanations for 
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certain types of assembly behaviour. Section 2.5 and 2.6 regard human error and triggers – 
how human error is often a result of the failure of attention or memory and how appropriate 
triggers might reduce such problems in manufacturing. Section 2.7 is also about triggers, but 
rather than dealing with physical properties of triggers (intrusiveness, visibility, etc.), it deals 
with temporal aspects of triggers. An extension of the temporal aspects of triggers is the range 
of a piece of information, discussed in section 2.8. Section 2.9 discusses the nature of 
information, data, and questions the syntax that is often used to present information to 
assembly workers. Finally, section 2.10 deals with worker’s expected value or benefit from 
performing specific actions, in this case particularly information gathering. It is suggested that 
workers weigh the effort required for an expected benefit and then calculate whether the 
physical or cognitive strain is worth the reward.  
??? ???????????????????????? ???????????????
As previously mentioned, research on the role of human cognition in manual assembly 
has been, and continues to be, in short supply. The attempts that are found, more often than 
not, are attempts at quantifying behaviour and trying to predict reaction times, body 
movement etc. (Shannon, 1948, Hick, 1952, Fitts, 1954, Freivalds, 2009). Shalin et al (1996) 
made an attempt at describing these approaches and classified them into the following 
categories: 
• Predetermined Motion-Time Systems (PMTS) 
o MOST  
o MTM 
• Mathematical models 
o Signal detection theory 
o Information theory 
• Symbolic computational models 
o ACT 
o Soar 
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????? ?????????????? ???????????????????
In PMTS, task performance is predicted by the addition of expected times for sequential 
motor processes and they are very vulnerable to inaccuracies in the estimations of physical 
task demands. They require elaborate and accurate task performance models that may or may 
not be present (Shalin, et al., 1996).  
PMTS do not consider the mental demand that is involved with performing a task but 
regard tasks as sequential and rather offline3 in a cognitive sense. This results in a lack of 
concern for distribution of cognition (Hutchins, 1995) and also social, physical and mental 
context. 
????? ????????????? ??????
Mathematical representation models of cognition as found in information theory and 
detection theory are mainly used to describe mental tasks and predict error rates (Shalin, et al., 
1996). Also, the field offers specific insights to the description and effect of noise (Shannon, 
1948) as well as predicting reaction times as results of spatial properties of the task and the 
number of choices (Hick, 1952, Fitts, 1954). Information theory quantifies information by 
calculating the entropy (number of options) in a task. For instance, choosing between eight 
parts in assembly requires three bits (log28) of information. To even further simplify the 
description of entropy, simply write the number of options minus one in binary digits. A task 
with eight options would be written in binary using three bits, like this; 111. In decimal 111 
equals seven and 0-7 gives eight options. Using tables that predict task performance, such as 
reaction times, offers standardized reaction times for a given number of bits in the task. For 
instance, the reaction time (not response time) for a task with eight options, three bits, would 
result in a reaction time of 800 milliseconds (Freivalds, 2009).  
Detection theory, or signal detection theory, was founded as a method of quantifying 
results from stimulus detection. Among the fundamentals is the classification of responses 
seen in Figure 2-1 (Wickens, 2002). 
 
                                                
3 The term offline cognition is used where cognition is considered out of its context. I.e. when cognition is 
studied apart from the human body or the physical or social environment where cognitive actions are expected to 
occur. 
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 Response present Response absent 
Stimulus present Hit Miss 
Stimulus absent False alarm Correct rejection 
???????????? ??????????????????????????????????????????????? ???????????????????? ???????????????
Detection theory also takes into account the biases that the respondent may or may not 
have which are based on the consequences of false alarms or misses (Wickens, 2002). For 
example, an oncologist, examining x-rays for possible tumours may be biased towards finding 
a tumour where there is none (False alarm), as a failure to recognize a tumour (Miss) might 
have larger repercussions than a false alarm. These are often referred to as false-positives or 
false-negatives. 
????? ??????????????????????? ??????
The traditional approach to cognitive science, although heavily challenged in recent 
years (Searle, 1980, Harnad, 1990), is to view human cognition as a symbol processing 
system, effectively disregarding the context as merely a problem space. The difficulty in 
considering multiple task dimensions in the traditional mathematical models has given rise to 
the use of symbolic models for application to task analysis. The models are based on the 
belief that intelligence is symbol processing in the brain, much like a formal computer system. 
It is a matter of following a set of basic rules for manipulating symbols and searching over a 
set of stored problem-solving operations (Shalin, et al., 1996).  
????? ?????????????????? ??????
Though the aforementioned approaches to modelling cognition in manual assembly 
have served their purpose well, their fundamental view on cognition does not comply with 
current research on cognitive science. Although they are certainly usable to a certain extent, 
their disregard for the situatedness of human cognition allows them to be challenged. 
As models for the research covered in this thesis, they are also deemed insufficient, 
although a few of the methods’ intrinsic components (noise in information theory for 
example) will be used as parts of this literature survey. The reason being for this is that they 
simply concentrate on different parts of task performance that are not the concern of this 
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thesis. The models mentioned in the above section are very much focused on the 
quantification of human performance; this thesis is more interested in the results and 
justification of this performance. For instance, study 2 (Chapter 5), will investigate the use of 
mobile information sources and the aim of that study is not to calculate the objective time it 
would take to gather information from mobile units or stationary units, but rather the 
psychological reasons to gather the information in the first place. 
??? ?????????????????
Attention is a psychological concept that traditionally has been quite hard to define, 
even though most people believe they know what it is. Despite this, or perhaps because of it, 
many attempts to understand it have been made. One of the more popular descriptions of 
attention, and also one that satisfies this research’s aim very well, dates back to the late 19th 
century and was formulated by the founder of American psychology, William James 
(1890/1950, p. 402) who said: 
“Everyone knows what attention is. It is the taking possession by the 
mind, in clear and vivid form, of one out of what seem several simultaneously 
possible objects or trains of thought. Focalization, concentration, of 
consciousness are of its essence. It implies withdrawal from some things in 
order to deal effectively with others, and is a condition which has a real 
opposite in the confused, dazed, scatterbrained state which… is called 
distraction” 
According to Wickens and McCarley (2008) the importance of attention in cognition 
can be seen at two different levels.  
1. One of the three limitations on human information processing 
Along with memory and response time, attention is one of the main limiters of human 
cognition. The study of attention capacity has always been of great interest to psychologists 
ever since the days of William James. In applied attention psychology this becomes even 
more relevant as researchers continuously study for instance; how many tasks that can be 
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done at once?, how fast humans can switch from one task to another?, etc (Wickens & 
McCarley, 2008). 
2. Attention is a prerequisite to many other cognitive abilities 
Without attention, it would be impossible to keep items in short term memory or to 
relocate them to long term memory. It is essential in decision making and, according to 
current perceptual theories, it is vital in perceptual processing (Gibson, 1986, Rookes & 
Willson, 2000, Wickens & McCarley, 2008). 
Attention is not only of great academic interest, but it has also major applied importance 
in society. The areas where the deployment of attention or an increased understanding of 
attention is of importance can vary widely from distracted drivers to the reliability of 
eyewitness testimony to advertising. There are also other applied domains to which attention 
is closely related. In the study of human error (which will be discussed more thoroughly in 
section 2.5) attention is given much room, particularly when it comes to attentional lapses and 
slips (Reason, 1990, Norman, 2002). This is also closely related to the study of situation 
awareness (Endsley, 1995), a field of study focused on a user’s internal model of current and 
future states in a dynamic environment. Also, designing systems that comply with the nature 
of human attention is of great interest in human-computer interaction, human-machine 
interaction etc. (Preece, et al., 1994, Preece, et al., 2002, Dix, et al., 2004a). 
??? ?????????????????????????????
James (1890/1950) suggests a number of distinctions within the subject of attention and 
one of them regards passive and active attention. Firstly though, he suggests attention to be 
either immediate or derived. Attention is immediate when a stimulus is interesting in itself, 
without relation to anything else. When a stimulus is strong enough to catch the subject’s 
attention by itself the attention becomes immediate. It is derived when its interest is owed to 
the association of some other stimulus which is immediately interesting. He further claims 
that attention may be either: 
• Passive, reflex, non-voluntary, effortless 
• Active and voluntary 
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In continuing to explain his distinction, James (1890/1950) defines voluntary, active 
attention as always derived, whereas passive attention is sudden, instinctive, and immediate. 
Without much effort, this distinction can easily be applied to everyday situations in the 
context of work. It is clear that while in passive attention, which, according to James, is where 
humans spend most of their time, the stimulus has to be interesting enough in itself to attract 
attention of an immediate kind. However, while in active attention, one actively associates 
and finds the way to the stimulus one self. The stimulus only has to be strong in relation to a 
previous immediate or derived one. However, in active attention, the derived stimulus always 
has to start with an immediate stimulus. This is to create an entry point from passive to active 
attention.  
The definition that will be used in this research to describe active and passive attention is 
very similar to that of William James (1890/1950). It is as follows; 
• Active attention is actively gathering or processing information. 
• Passive attention is passively awaiting a situation where active attention is needed. 
An example of passive attention is a process operator whose function is to observe an 
automated process. The operator is most likely to be in a passive attention mode until an 
immediate stimulus triggers his or her active attention. Such a trigger could be anything from 
a warning light to a sound coming from the machine. In short, it is something that attracts the 
process operator’s attention. On a side note, this also illustrates the difference between 
immediate and derived attention. The alarm would lead to immediate attention as it is what 
catches the process operator’s eye and the attention mode in the troubleshooting phase that 
one can assume follows, is always derived from the first moment with the alarm.  
Bäckstrand et al. (2005) conclude, in an engine assembly example, that the number of 
incorrectly assembled engines is largely influenced by the extent to which active information-
seeking behaviour is supported or triggered. This conclusion is very interesting since they, at 
first, suggested that a high number of incorrectly assembled engines were due to information 
overload and high production volumes. While a high production volume probably is a factor 
in this, they found that information overload is not since the assembly personnel did not use 
much of the information available to them. Instead, Bäckstrand et al. (2005) suggest that it 
does not matter how much information subjects are clouded with if an active information 
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seeking behaviour is not supported or triggered. This leads to an intriguing and not very 
farfetched idea. The idea, in short, is that while in a passive attention mode, one cannot suffer 
from information overload as information will not be explicitly perceived. 
??? ??????????????????
As discussed earlier, when dealing with the concept of attention, its limitations and 
capabilities are often discussed in terms of how information can be handled and how fast one 
can switch one’s attention between two objects. What is also of great importance and has long 
been investigated in the psychological discipline is the ability to attend more than one thing at 
a time, what is usually called divided attention. Whereas this thesis takes a very practical and 
applied approach towards the study of attention, it might be of interest to investigate two 
opposing theories in the field, single channel theory and automaticity (or automatism) theory. 
????? ??????????????????????
Just as the term implies, single channel theory assumes a sequential channel of attention 
where the time required to perform two tasks is the sum of the time to do them both separately 
(Craik, 1947, Broadbent, 1958, Wickens & McCarley, 2008). This would imply that, given 
two stimuli (Sn) which both require a response (Rn), the accumulated time required to do this 
is TIME(S1?R1)+TIME(S2?R2). However, experiments have shown that it is not quite that 
simple and that the sum of the reaction times is not always the same as the accumulated time. 
It is believed, in single channel theory, that this is a result of other, pre-attentive processes 
being at work. This pre-attentive process is often described as very basic sensory and 
perceptual processing being able to start before capacity in the conscious part of attention is 
available.  
Wickens and McCarley (2008) exemplify the pre-attentive processing with two patients 
visiting the doctor’s office. Upon arrival, the patients are asked to fill in their paperwork 
before seeing the doctor. For the first patient the doctor is available as soon as the paperwork 
is finished but the second patient would have to wait until the doctor is finished with the first 
patient. However, the paperwork can still be filled out. Thus the optimal time for the second 
patient to arrive to avoid wasting any time in the waiting room, is just long enough to have 
time to fill in the paperwork before the doctor is available. 
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In the above example, filling out the paperwork is the representation for the pre-
attentive stage of sensory processing and this shows how multitasking, albeit on a very low 
level, is possible even within a single channel universe. However, this also leads into another 
highly debated issue, early vs. late selection. It is a debate regarding where or when in the 
sequential attentional processing the doors to conscious attention are located, although this is 
a debate that need not be discussed here. The aim of this section was to show how, even when 
employing a sequential view of attention, there is still room for unconscious and, even to 
some degree, parallel processing of information, something that will be of great interest later 
in the thesis. 
????? ?????????????
It should be fairly obvious to even the most convinced single-channel theory advocate 
that when humans engage in highly learned skills, such as walking, they are still able to do 
other things at the same time. The single-channel theorist would explain this as a rapid 
oscillation between two tasks that would make this “multitasking” appear seamless and 
genuine to the casual bystander. However, other attention researchers would explain it as 
genuine divided attention that has its foundation in automatic information processing 
(Schneider & Shiffrin, 1977, Shiffrin & Schneider, 1977, Shiffrin, 1997). 
According to automaticity theory, when a task is repeated a number of times under 
similar circumstances, how many depends on the task, it will ultimately become automated. It 
will be performed automatically with very little conscious attention directed at it (Shiffrin & 
Schneider, 1977, Norman, 1988, Thorvald, et al., 2008a). A popular example to describe this 
is driving a car. An inexperienced driver will probably have to focus hard on each task of 
driving such as steering, shifting gears, checking traffic etc. A more experienced driver on the 
other hand, will have automated the entire process of driving. It is performed with very little 
conscious processing and thus leaves mental capacity free to be allocated elsewhere such as 
talking to passengers or on the phone4, drinking coffee, eating or fiddling with the stereo. 
Automaticity theory is based on a parallel information processing view where multiple tasks 
can be attended at once. The concept of divided attention was discussed already by William 
James (1890/1950) who, even though his writings imply a single-channel approach to 
attention, acknowledged the existence of automated behaviours. Later researchers have 
                                                
4 Although several countries have legislation that forbids this, the use of a hands-free headset, while driving, is 
still legal. Though it is perhaps also dangerous in certain situations as it still requires cognitive capacity.  
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confirmed and elaborated on this, finding that continuous practice does indeed lead to a 
reduced demand for cognitive resources and ultimately to the ability to divide attention 
between (time-share) multiple tasks. This is especially evident in highly learned skills, as 
mentioned before, such as walking or cycling, or other specialist skills such as typing, driving 
or dribbling a basketball (Spelke, et al., 1976, Wickens & McCarley, 2008). 
Whereas what has been discussed so far in this section, attention, is a cognitive, not a 
physical ability, it does give rise to automatic behaviour and in some cases, automatic motor 
responses. The section on human error (section 2.5) will investigate these automatic responses 
further. When a task is performed in compliance with automaticity, it can be argued that it is 
performed passively; it is performed in passive attention. This would mean that if two tasks 
are being time-shared, one can be performed in passive attention and one can be performed in 
active attention, thus indicating that it might not be the general mode of attention which is 
active or passive but it is rather the task that is attributed with being passive or active. 
Anyway, just as passive attention is difficult to break, automatic behaviours require an 
immediate trigger to be interrupted, resulting in performance hazards when dealing with 
mixed mode work. The experiments of this thesis will, among other things, investigate how to 
support assembly workers who perform mixed mode assembly while potentially employing 
automatic behaviours. As mentioned earlier, human error (particularly slips and lapses) is 
often a result of the failure of attention or the persistence of automatic behaviours. 
??? ???????????? ?
There are potentially several ways to classify the errors we, as humans, make each day. 
Relevant approaches to human error might be to classify them as intentional or unintentional 
(Mital & Pennathur, 2004), to use a simple dichotomy between errors of commission or errors 
of omission (Wickens & Hollands, 2000), to consider errors in problem detection, or errors in 
problem diagnosis. However, in this work it is mainly errors in planning and execution that 
are discussed. Attempts are made to classify what kinds of errors people make, such as slips 
and mistakes, particularly in an assembly domain, and also what these errors may arise from 
in terms of memory and attention limitations etc. Wickens and Hollands (2000) have 
elaborated on Reason’s (1990) and Norman’s (1988) work and created a classification based 
on four kinds of errors: 
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• Mistakes 
• Slips 
o Capture errors 
o Description errors 
o Data-driven errors 
o Associative activation errors 
o Loss-of-activation errors 
• Lapses 
• Mode errors 
 These categories were first presented in Norman (1988) and later in Reason (1990), 
and were adapted by Wickens and Hollands (2000).  
Aside from attention, memory, specifically short term memory, is one of the major 
limitations of human cognition. Already in 1956, George Miller showed how human short 
term memory is limited to handling 7±2 chunks at a time, a chunk being anything that carries 
meaning, a word, a digit, a person, a symbol etc. (Miller, 1956). By employing a strategy that 
Miller himself called chunking, units in short term memory can be ‘compressed’ and 
additional storage can be released. Here’s an example; the following is a number of seemingly 
random words, too many to keep in short term memory. 
summers I shall thee thou to a compare lovely temperate art more day and more  
However, when rearranged, they form the beginning to one of William Shakespeare’s 
most famous sonnets. 
Shall I compare thee to a summers day. Thou art more lovely and more temperate. 
The process that rearranged these words is called chunking. Instead of 15 words, or 15 
chunks, it can be rearranged to one sentence, or one chunk. This can be done with a wide 
array of information. A number of random characters like this; 
NFLWWFANCKFCBBC 
Can easily be chunked from 15 chunks or letters into five, hopefully familiar, 
abbreviations or chunks like this; 
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NFL WWF ANC KFC BBC 
The whole point being that chunking is a process that creates associations to long term 
memory so that one is not limited by short term memory capacity. This is the basis of how 
masters of mnemonics go about their skill, although they have much more sophisticated 
methods than this. 
????? ?????????
A mistake, simply put, is the failure to formulate the right intention. This might be a 
result of failure to interpret, perceive, or retrieve data from the environment or the memory. A 
discrimination of knowledge-based and rule-based mistakes has been suggested where the 
major difference between the two regards the comprehension of the situation (Reason, 1990). 
Knowledge-based mistakes are made mainly because of incorrect knowledge of the 
environment whereas rule-based mistakes are made when the subject has a belief of 
comprehending the context and bases a decision or an action on that information. In the latter 
case it is suggested that the mistakes are made because of the subject’s inclination towards 
acting based on rules, an “if-then” logic. Whereas this might be accurate in certain situations, 
it also creates a confirmation bias. A confirmation bias is a systematic search for a certain 
type of error. For instance, a person with a certain opinion or belief, tends to search, and to a 
greater extent, accept information that supports his or her personal view (Popper, 1963).  
Consider this example in an assembly domain. An assembly worker is supposed to 
mount a part where there are two options, part x or part y. If the worker had not been 
presented with enough or with accurate information and thus made a mistake, then this would 
be argued to be a knowledge-based mistake. However, if the worker acts on previous 
information, thought to be sufficient, then it would be a rule-based mistake. There might be a 
situation where an already mounted part a, previously has indicated the mount of part b, (if a, 
then b) but in this scenario part c is to be mounted instead. The worker here follows “if-then” 
logic and fails to investigate new or complementary information that is available. Whereas 
knowledge-based mistakes reflect a lack of expertise, rule-based mistakes reflect a failure of 
expertise. 
????? ??????
A simple way to consider slips is that slips are errors where the correct intention is 
incorrectly carried out. This is often caused by attention limitations, associations etc. Norman 
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(1988) describes several kinds of slips; capture errors, description errors, data-driven errors, 
associative activation errors, and loss-of-activation errors. He also discusses mode errors as 
slips but as Wickens and Hollands (2000) have assigned mode errors to its own category, it 
will be handled in a similar fashion here. 
??????? ???????????????
When making a capture error, a frequently or recently performed action captures (takes 
over) the one intended. As an example, consider a man who every day before work drives his 
dog to doggy-day-care. Close by where he drops the dog off is the supermarket where he 
frequently buys his groceries and every now and then, when he is to drop off his dog, he ends 
up at the supermarket, and vice versa (Figure 2-2). An error of this type appears when two 
different actions begin with the same sequence (Norman, 1988).  
 
?????????????????????????????????? ????????????????????????????????????????????????????????????????????
?????????????
 A capture error of similar sorts can arise in assembly when workers are forced to 
incorporate new subtasks into an existing work sequence. In the case study in Thorvald et al. 
(2008b) (Section 3.1.1), this situation arises: 
Getting into the car Driving Intersection
Day care
Supermarket
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?????????????????????????????????? ???????????????????? ???????????????
In Figure 2-3, which shows a work sequence found at an actual truck assembly factory, 
a task has been added to the end of the work sequence on certain vehicles (mount air heater). 
This task is not performed on every truck assembled and so when it is to be assembled, the 
work sequence is disrupted, creating a quality hazard where it cannot be certain if the user 
remembers what is to be done or if he or she simply does what was done recently.  
??????? ???????????????????
In a description error the intended action might fit several possibilities. The action might 
be performed correctly but with the wrong object. This might be trying to change the TV 
channel with the wrong remote (as long as it is not a knowledge-based mistake) or as in an 
example that Norman uses where a student intends to throw a t-shirt in the laundry basket but 
throws it in the toilet bowl instead. Although not extremely obvious, the laundry basket and 
the toilet bowl do share several traits. They are both containers with a hole on top for instance 
and this might be sufficient to make this error (Norman, 1988). In the same way, the remotes 
have similar functionality such as changing channels, adjusting volume etc. 
??????? ???????????????????
Much of what is done on a daily basis is automatic behaviour that is data-driven. The 
human brain continuously responds to incoming data. A data-driven error occurs when these 
activities intrude into an on-going action sequence (Norman, 1988). To exemplify, imagine 
the objective of making a telephone call. On your way to the phone you somehow come 
across another number of some sort and you accidentally dial that. This error is very similar to 
capture errors in that one action captures another. 
Work piece 
arrives at 
station
Consult 
assembly 
instructions
Mount fuel 
filters
Mount air 
heater
Mount 
intake 
manifold
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??????? ??????????????????????????????
An event can often be associated with several different responses. The ringing of a 
telephone and knocking on a door both indicate the need to greet someone. That is when you 
might pick up your phone and say ‘come in’ (Norman, 1988). 
??????? ?????????????????????????
A very common slip that many probably can relate to is simply forgetting to do 
something. Who hasn’t walked into a room, finding that you cannot remember why you went 
there. What is very interesting about these kinds of slips is that it is only the goal that is 
forgotten, not the action sequence. These slips occur when there is no continuous activation of 
the goal. Clear parallels can be drawn to the discrete or continuous nature of a trigger. A 
trigger that stays activated until the task is performed would probably be preferred in many 
manufacturing situations. Although it may be argued that a trigger usually does not disappear 
from the information interface, it is rarely continuously attended. Rather, the worker views the 
information interface a finite number of times and then moves on to do the work. While in the 
working phase, the trigger is not actively attended and therefore not continuous and this may 
well lead to loss-of-activation errors. 
 All these slips are very closely tied with one another and in a way they describe how 
automatic behaviours are very vulnerable and very robust at the same time. In an automatic 
behaviour one is usually concentrating so much on performing a sequence of tasks that 
changes in the environment tend not to be perceived. However, when responding to small 
changes, one tends to do so in a very implicit way where they are not actively attended, thus 
resulting in taking the wrong route to the grocery store, dialling the wrong number or 
throwing the t-shirt in the toilet bowl. A conclusion to this might be to refrain from presenting 
information when a user is in an automatic behaviour mode and if automatic behaviours must 
be broken, it must be done with full force, to ensure that the bubble of automatic behaviour is 
pierced and that the information consumer is drawn into active attention. 
????? ???????
While slips are considered to be incorrect actions under correct intentions, lapses are the 
failure to carry out any action at all. As Reason puts it: 
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Whereas slips are potentially observable as externalised actions-not-as-
planned (slips of the tongue, slips of the pen, slips of action), the term lapse is 
generally reserved for more covert error forms, largely involving failures of 
memory, that do not necessarily manifest themselves in actual behaviour and 
may only be apparent to the person who experiences them (1990, p. 9, 
emphasis in original). 
Whereas lapses are usually the result of a failure of memory, they can also be the result 
of attention limitations and failure of attention. Thus, lapses have much in common with slips, 
and particularly with loss-of-activation errors. In these types of errors, determining if the 
underlying cause of failure is attention or memory limitations is more or less impossible due 
to the intricate relationship between short term memory (STM) and attention. For information 
to stay in STM it has to be attended or it will fade away. 
????? ????????????
Common fastening tools in the assembly industry use a socket stand, which enables the 
system to recognize what socket is currently being used so that the correct torque setting can 
be sent to the tool. At one assembly station, two articles are to be mounted using the same size 
socket (not the same socket), but each socket is connected to different torques. If a worker 
then fastens one article when he is supposed to fasten the other, it will be fastened with the 
wrong torque. Consequently, a mode error has been performed. Mode errors occur when the 
same or similar objects have different modes of operation. They increasingly become more 
likely to happen as the technical equipment becomes more adaptive and integrates more 
functionality. In computer software it becomes more evident as certain software has keyboard 
commands associated with it that have other functionalities in other software. This is a 
problem which can be related to the idea of consistency in HCI where one should aim for 
using standards and conventions to avoid these kinds of mistakes. i.e. a 
command/shortcut/icon should mean the same thing everywhere, both within systems and 
between systems.  
??? ?????????????????
To remedy the problems that arise due to failure of attention and memory, and human 
errors, a good idea might be to consider the triggers used to catch a user’s attention. In 
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traditional trigger analysis the main focus lies on the physical characteristics of triggers. 
David Kirsh’s (2001) work on triggers will therefore be of great importance to this research. 
The interest in Kirsh’s work arises mainly from the issue of entry points5. Kirsh has taken an 
existing concept, called entry points, from the field of newspaper layouts (Garcia & Stark, 
1991) and adapted it to his research. An entry point is very similar to a trigger and represents 
an invitation to an information space. A post-it note on a book cover can be viewed as a 
simple trigger, drawing the user’s attention to something and as an entry point it is also 
closely connected to the book itself. When elaborating on the issue of entry points and making 
it his own, Kirsh (2001) claims that a reader can review or scan a newspaper and make a 
rational choice of where to begin. The reader can pick up information scent to develop a 
rough plan of how to get through this information landscape. He further argues that “Well-
authored entry points make it easy to scan a paper and maximize the user’s reading 
experience” (Kirsh, 2001, p. 311). This suggests that an entry point does not have to be the 
construct of a user.  
 Kirsh defines an entry point as “a structure or cue that represents an invitation to do 
something” (2001, p. 311). Given this definition of an entry point, it can be said to be very 
similar to affordances, which Kirsh also acknowledges, as it invites a person to do something, 
which is very similar to the definition of affordances (For a more in-depth description of 
affordances, see Gibson, 1986, Norman, 1999, McGrenere & Ho, 2000). The major difference 
between the two regards their medium dependency. An affordance is highly bound by its 
medium as it is what it advertises. The domain that Kirsh uses to explain his theories is an 
office context. The triggers in the office are, e.g., folders, post-its and calendars. Naturally, 
these entry points have different properties and he describes the dimensions that he considers 
central to how entry points attract someone’s attention (Kirsh, 2001): 
• Intrusiveness 
• Richness in metadata 
• Visibility 
• Freshness  
• Importance 
• Relevance 
                                                
5 Throughout the rest of this thesis, the terms entry points and triggers will be used interchangeably unless stated 
otherwise. 
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 These dimensions describe the amount of attention that the trigger attracts 
(Intrusiveness), to what extent the trigger says something about the underlying information 
(Richness in metadata), the visibility of the trigger (Visibility), whether or not the trigger has 
been handled or manipulated recently (Freshness), how urgent the activity is (Importance), 
and finally how useful or relevant the trigger is in the current activity (Relevance). 
 The similarities between affordances and triggers have already been mentioned. 
However, there is a certain difference between the two concepts that is discussed by Susi 
(2006) that deserves some reflection and before leaving the issue there is a need to clarify that 
affordances, by definition, are invariant. An object’s affordance can be found within the 
object at any given time (Gibson, 1986). However, if in looking at the dimensions, mentioned 
above, that Kirsh described as central to attract attention, he also argues that some are 
subjective and some are objective. The dimension of freshness, for instance, is very much 
subjective since the trigger itself can hardly contain information about when it was last 
manipulated or handled6. But it can, of course, contain information about its own visibility, 
intrusiveness and importance among other things. For a more elaborate discussion on this 
subject, see Susi (2006).  
 In a situation of developing work stations, user interfaces, vehicle driving interfaces, 
and many other types of domains, it is not unusual to stumble upon different kinds of 
affordances and the process of triggering even though they might not always be known even 
to the developer. Knowledge about these concepts can be used to develop more usable 
interfaces in whatever domain they might be applied. For example, entry points can be used, 
according to Kirsh (2001), to tailor information scent and maximize a user’s information 
experience. This shows how these thoughts can be applied in domains other than offices, 
which seems to be the most popular domain in this field of science. If, by manipulating the 
entry points in a newspaper, the reader can be directed to certain news, then it should be 
possible to manipulate or construct entry points in other domains that will help users to make 
correct decisions with very little effort. If this is true for entry points, then it should also be 
possible to do the same with perceived affordances and triggers. So, in an assembly domain, 
through the design of triggers, entry points, and affordances, the workers can be guided 
towards the information that needs attention. 
                                                
6 There probably are technological objects that can serve as entry points and that can handle this information but 
they are vastly outnumbered by those which cannot. 
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????? ???????????? ?????
When looking at intrusiveness, which is arguably the most important factor in a 
trigger’s ability to stand out, one can discuss what it is that affects intrusiveness. A not very 
far-fetched idea is that an object’s or a trigger’s intrusiveness must be viewed in relation to its 
surroundings, the context. From that standpoint, what becomes very interesting to discuss is 
information noise. 
The two companions scurry off when they hear a noise at the door. It was 
only a noise, but it was also a message, a bit of information producing panic: 
an interruption, a corruption, a rupture of communication. Was the noise really 
a message? Wasn’t it, rather, static, a parasite? A parasite who has the last 
word, who produces disorder and who generates a different order (Serres, 
1982, p. 3) 
An extension of the unstructured entry points is the information noise that is present in 
the assembly instructions. While one aspect of the entry points not standing out is due to their 
inability to be intrusive, another aspect is that there is a lot of unstructured text and 
information in the instructions that makes anything that might stand out get lost in the noise.  
Try to find the word ‘irure’ in the following paragraph: 
Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod 
tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, 
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo 
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum 
dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, 
sunt in culpa qui officia deserunt mollit anim id est laborum. 
Hopefully that was not very hard as the word was bold and stood out to you as a reader. 
It is obvious that in an environment without other words printed in bold, it stands out. 
However, its intrusiveness is based on the context in which it is presented. If other words are 
also printed in bold, the word would be much harder to find. Try finding the word ‘proident’ 
from this version of the same text: 
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Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do 
eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex 
ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate 
velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat 
cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est 
laborum. 
Noise and robustness of information are two of the main pillars of information theory as 
defined by Claude Shannon in his seminal work “A Mathematical Theory of Communication” 
(Shannon, 1948). Found in this theory is the recommendation that common words such as “I”, 
“a”, “the”, should be considerably shorter than more uncommon words such as “generalize”, 
“organization”, etc. Keeping common words short minimizes the length of sentences and 
leaves room for longer, more uncommon words. It could also be argued that longer words 
have more semantic value and are usually the ones that need to be picked up on by listeners. 
In the same way, this can be applied to the example above, with the intrusiveness of specific 
words in a chunk of text. In common with words being kept short, in manufacturing, common 
parts should stand back in the information space. Rather, they should give precedence in the 
information source to uncommon parts and parts that might be subject to change.  
The information noise is something that needs considerable caution. Using special fonts, 
sizes, colours, etc., to attract attention is usually a good idea and often a simple solution to 
these kinds of problems. However, this can easily go too far, where attempts to make 
everything stand out only result in nothing standing out. 
??? ??????? ???????
When dealing with temporal aspects of information presentation in this research, 
triggers are of most interest. As mentioned in previous sections, there are several different 
ways to approach the subject of triggers. Specific interest might be found in physical 
characteristics, placement, or simply the intrusiveness and visibility of a trigger. However, an 
issue of great importance regarding the temporal aspects of trigger presentation, is that when 
to present a trigger relative to the task at hand can potentially have a large impact on the 
quality of work. 
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 Regarding the temporal aspects of triggers, Dix, Ramduny and Wilkinson (1998) have 
identified three, what they call, dangers to interaction. The main dangers are the problem of 
gaps between stimulus and action and gaps between actions and effects. These problems 
occur when a subject does not respond to a trigger immediately after the trigger is presented 
or when they have to wait for the effect of an action.  
 When it comes to temporal aspects of triggers, a lot of work has been done with the 
temporal aspects of the system in mind (Dix, 1987, Teal & Rudnicky, 1992), sometimes 
overlooking the temporal aspects of the subject’s actions. When looking at long-term 
interaction, Alan Dix and colleagues. (Dix, et al., 1998, Dix, 2002) identify certain dangers to 
the desired activity. Commonly used models for interaction in industrial settings include 
treating the worker in a very mechanistic manor, more or less as a robot (Dix, et al., 1998). 
The worker is supposed to work in a stimulus-response manner, responding to alarms and 
commands while doing the work. The problem with this model is that the worker is treated as 
a robot and is therefore hindered from working on the basis of any long-term plans. There are 
ways to counter this problem, but as Dix et al. (1998) point out, the delay between the action 
and the result cannot be too great or the evaluation becomes too difficult. Dangers to long-
term interaction, identified by Dix et al. (1998), are:  
• Stimulus-response gap: This occurs when the user is supposed to respond to a 
trigger but for some reason cannot do so at once. 
• Action-effect gap: This occurs when there is a long delay between an action and 
its effects.  
• Missing stimuli: This occurs when an action is performed but the response is 
missing. In short-term interaction this is a minor problem as the response is 
relatively soon found to be missing. However, in long-term interaction this could 
be a greater problem as the time scale is much larger and a missing response is 
harder to distinguish from a late response. 
The stimulus-response gap is the most interesting one of these with regards to this 
research, and possibly the easiest one to apply to an industrial domain where the demands on 
triggers are great. Today, in the industry, trigger conceptions and what they involve are to a 
large extent unaccounted for. One greatly appreciates and uses triggers to get the attention of 
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a worker, but much of the understanding of how triggers work and the aspects of a trigger that 
might even make the work more difficult, is lacking. These shortages mainly regard the 
temporal aspects of triggers as opposed to their objective properties (even though that is also 
an issue at times). When designing for the worker to work on a stimulus-response basis, one 
must also allow the user the correct stimulus, and here is where the temporal aspects are 
neglected. Dix (2002) suggests adding a temporal cue dimension to a trigger. Triggers can be: 
• Immediate, right after a previous task 
• Temporal, at a particular time or after a particular delay 
• Sporadic, when it is thought of 
• External event, when an event happens such as a phone call, knock on the door 
etc. 
• Environmental, when something in the environment prompts action 
 The robustness of these triggers is discussed by Alan Dix and colleagues (Dix, et al., 
1998, Dix, 2002, Dix, et al., 2004b), concluding that the immediate and the sporadic cues are 
the ones most likely to fail as they are very sensitive to disruptions. An environmental cue is 
perhaps the most robust one although one must consider what makes an environmental cue 
noticed in the first place. Also worth mentioning is that many instances of these cues rely on a 
conscious action to notice them. 
 A large part of the demand on triggers comes from the increased demand of 
customization in, for instance, the automotive industry, where different articles are assembled 
at a station depending on what the buyer of that particular item wants. This could range from 
different types of colours to more complex variations such as body kits, engine power etc. At 
certain assembly plants, the customization demand has even lead to completely unique 
vehicles with either unique combinations of parts or parts that are unique in themselves. The 
assembly worker needs to have correct and sufficient triggers that tell him or her what 
information is essential to a specific product. 
????? ??????????????????????????
To further the understanding of the stimulus-response gap as Dix, Ramduny-Ellis and 
Wilkinson (2004b) presented it, consider yourself receiving a text message on your phone that 
you are expected to respond to. What would the implications be if you were unable to respond 
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right away? Perhaps you are interrupted and your attention is required elsewhere or maybe the 
response requires investigation of something first. The trigger that the incoming text message 
signal constitutes, in terms of responding to it, is lost. You would have to actively remember 
that you are to send a message or you will fail to respond. The same situation might arise in 
assembly. A plausible and existing system in the assembly industry today is that when a work 
piece arrives at an assembly situation, the worker investigates the information system, gathers 
information and receives triggers that inform the worker on what is to be assembled 
differently from the usual scenario, a common item of assembly might be changed due to 
customization, and finally continues to perform the required actions. Suppose that valve b is 
to be assembled in place of valve a, which is the more common one. If the worker cannot 
perform the assembly of the valve at once after the trigger or the information is perceived, 
there is a great chance that the most common one is assembled in haste. The basis of this issue 
is twofold and is very well anchored in scientific literature. It is the issue of automatic 
information processing, or automaticity (Shiffrin & Schneider, 1977, Wickens & McCarley, 
2008), and also short term memory capacity limitations. As discussed in section 2.4, 
behaviours or actions that have been repeated enough times simply become automated and 
they are done without assigning too much attention to them, in passive attention. The second 
issue, short term memory limitations, is a very well-known and studied topic. In 1956, George 
Millers paper on the magical number 7±2 was published and it is still the basis for how 
memory performance and limitations are viewed. As mentioned, he showed how human STM 
is limited to handling 7±2 chunks at a time, where a chunk is a meaningful unit (Miller, 1956, 
Baddeley, 1999).  
 The most obvious way to close the stimulus-response gap is of course to allow the user 
to act directly on the trigger as it is presented. A simple shift in work sequence would 
probably ease the problem’s impact greatly. However, as an extension of the stimulus-
response gap, consider the presentation of triggers from a temporal point of view. Just as the 
response can be moved closer to the trigger, the trigger can be moved closer to the response 
without meddling in the worker’s assembly strategy and still support the information 
gathering phase. Aside from the fact that the worker can potentially be forced to pay more 
active attention to the information system, the worker’s passive attention can be drawn on 
and, instead of forcing an intentional action, information can be imposed on his or her passive 
attention. This is done with the use of continuous triggers. An example from real life sheds 
light on the importance of distinguishing continuous from discrete triggers. At the actual 
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assembly factory discussed in previous sections and in Thorvald et al. (2008a), the designed 
triggers are presented in a very simple way. On a monitor, information is presented regarding 
what is to be assembled at a particular assembly station. When something differs from the 
usual configuration of articles, this is indicated in two ways. First, and most obviously, the 
item that is removed from the configuration is naturally also removed from the information 
system while the new item takes its place. Second, the new item is also often accompanied by 
a coloured dot, thought to act as the ‘attention getter’ for the new item so that the information 
is not overlooked (Figure 2-4).  
 
???????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????? ????????????????????
It is uncertain to what extent this trigger actually satisfies the need to attract the 
attention of the worker but for argument’s sake, assume that it does. The common strategy, as 
mentioned above, is to investigate the information system for information of what is to be 
assembled, to a large extent searching for the trigger, and then continuing to assemble the 
work piece. To relate back to the stimulus-response gap, which appears in this situation, the 
presentation of the trigger can be considered. At this point, the trigger is attended once, when 
the work piece arrives at the station. If the worker is unable to act directly on the trigger, there 
is a greater chance that he will not act on it at all. However, if the trigger were to be designed 
so that it is continuously attended, the problem would greatly diminish. A continuous trigger, 
as suggested here, is a trigger that is presented and attended continuously at least until the 
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action is performed. A discrete trigger is only presented or attended as a result of an 
intentional action. As in the case of the coloured dot, it is presented continuously but due to its 
limited visibility and intrusiveness, it is only attended when the worker chooses to search for 
it. Had the trigger instead been a blinking light or a continuous sound, in short, something 
with more intrusiveness, the trigger could probably be argued to be continuous. This could 
potentially lead to the stimulus-response gap being more or less closed. 
????? ???? ????????? ???????????
The diverse ideas of what triggers are and involve, according to Dix et al. (1998, Dix, et 
al., 2004b), does not differ much from the definition of triggers used in this research. Susi 
(2005) presents a description of triggers, based on the works of Dix and colleagues, that is 
very satisfactory; “A trigger is something that prompts an activity, something that tells you 
that you need to do something” (p. 2111, emphasis in original). It attracts one’s attention to 
something important. However, the stance that Dix et al. (1998, Dix, et al., 2004b) take when 
examining triggers differs largely from Kirsh’s approach to the similar concept of entry 
points. They do not handle the simple properties of triggers such as their visibility or their 
intrusiveness; instead they focus on different types of triggers and on potential problems in 
the use of triggers. To create common ground and deepen the understanding of different 
triggers, triggers can be classified based on their information value and medium dependency. 
In this classification system there are three types of triggers. The first category handles 
triggers that are high on both information value and medium dependency. The triggers in this 
category are very closely coupled to the concept of affordances (Gibson, 1986, McGrenere & 
Ho, 2000). They are themselves information carriers and it is their physical representation that 
defines them. Type I triggers are about themselves. The second category includes triggers 
with some information value and some medium dependency. This category is largely 
influenced by Kirsh’s definition of entry points (Kirsh, 2001). They do carry information 
based on their physical positioning. Type II triggers are closely related to what they are 
referring to, their referents, as type I triggers are, but they are not defined by it. Finally, type 
III triggers are classical and simple ‘attention getters’ with no objective connection to its 
referent.  
 One way of clarifying this distinction of trigger types is to consider the potential 
externalisation of information processing that they allow for. Considering a type III trigger, 
the connection between the trigger and what it is referring to has to be made by the cognizer, 
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the human, with all that it entails in terms of cognitive strain. As an example consider the 
tying of a knot on a handkerchief or a string around a finger for the purpose of triggering 
memory or a flashing light at a work station to trigger a work action. The handkerchief or the 
string does not incorporate any information whatsoever about the task at hand but is simply a 
reminder that something has to be done. The actual memory retrieval has to be done 
explicitly. A separate issue that arises investigated further here is whether or not there is 
significant difference if the trigger has been configured by the cognizer himself. This is very 
possible but not of interest here. Moving on to type II triggers, they do incorporate some 
degree of both information value and medium dependency. When Kirsh describes entry 
points, which is the basis for type II triggers, he argues that they are “a structure or cue that 
represents an invitation to do something” (2001, p. 311). The rough idea, that Kirsh also 
argues, is that when scanning the environment, information scent is picked up as invitations to 
act. This is very similar to type I triggers and affordances but still different in the sense that 
the entry point merely provides introduction to an action landscape. Consider a book with a 
post-it that someone has left on your desk. The post-it is the entry point that provides you with 
an introduction to the action landscape that is the book. Also, as it is a type II trigger, the note 
might contain some scribbling of information as to what you are expected to do with the book. 
This is its information value. The fact that the note is placed on the book responds to its 
medium dependency. A note that says “check out chapter 5” but is situated away from the 
book is useless unless it has some form of pointer mechanism incorporated in it. “Check out 
chapter 5 of Darwin’s ‘The origin of species’”, would probably be a more understandable 
message if the book and the note were separated in space and would also be considered to 
have medium dependency through its pointer properties. This would require some mental 
processing of information, although not nearly to the same extent as in the case of a type III 
trigger. Finally, type I triggers, as mentioned before, are based on Gibson’s concept of 
affordances in that they are mainly about themselves. Here, there is no need for the cognizer 
to perform any internal processing of information as all the information regarding the trigger 
is already externalized. Naturally, when it comes to acting with the trigger object, internal 
information processing would probably be required. A type I trigger can be many things. 
Gibson described affordances as the part of the environment that offers something for an 
actor. A flat surface of the proper height might contain an affordance of sitting, it affords 
sitting, in the same way as a pencil affords writing and a button affords pressing. The concept 
of affordances has been used in varying ways since it was named in the late 1970s (for an 
  
38 
 
??????????????????
 
elaboration on the uses of the term see Norman, 1988, Norman, 1999, McGrenere & Ho, 
2000). Through understanding, particularly the pointer dimension of triggers, work station 
designers or technicians can use this to their (and the assembly workers’) advantage. 
Understanding how a flashing light mounted on an engine carrier tells the worker that 
something has to be done, whereas a flashing light mounted on the shelf where a certain part 
is located tells the worker that something has to be done with this particular part, can 
potentially lead to design advantages. 
??? ??????????????????
As Norman (2002) discusses, information can be interpreted in significantly different 
ways depending on where it is presented. This issue can be seen as twofold; on the one hand, 
it is the issue of placing information in relation to its referent and on the other hand, it is the 
simple issue of placing information where it can be easily accessed and used. This can be 
exemplified with the knobs on a stove. To ease the understanding of what knob controls what 
hot plate they can be placed so that the knobs are physically close to their respective hot plate. 
Or perhaps so that they are ordered between themselves in the same way as the plates are. See 
Figure 2-5 for an example. 
 
??????????????????????????????????????????????????????????????????????????????????????????????????
 In Figure 2-5, the picture on the left shows a stove where it might be difficult to know 
what knob controls what plate. One might figure out that the knobs on the left controls the 
plates to the left but which one controls the front or back plate is still unclear. On the stove to 
the right, because of the slight change in the arrangement of the plates, it is fairly evident what 
knob should control what plate. Perhaps from an engineering point of view, it would be better 
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to keep the plates arranged as on the stove to the left in the figure and realign the control 
knobs. This would probably be equally as good as the stove to the right of the figure.  
 In assembly, similar situations arise when workers are unsure what a piece of 
information refers to. The relationship between physical items and items listed in the 
assembly instructions is not always clear, and potentially several quality hazards can arise if 
the worker is unsure what a piece of information points at. This shows how the context and 
the spatial relationship between triggers and action spaces or action spaces and feedback, is 
critical to achieve high quality in manual labour. 
The scientific foundation to this can be found in discussions on compatibility and 
mapping (Bubb, 2002, Norman, 2002). Compatibility is largely about the match between 
systems or between the system and a user’s mental model of the system. The worker should 
not be required to put too much effort into translating system signals, in the above case, 
translating what knob controls what plate. It relates information sources to each other. A very 
simple and obvious example from the automotive industry is described by Norman (2002) 
with a seat adjustment control from a car. A similar seat adjustment control can be viewed in 
Figure 2-6. It is obvious in the figure that the system (the adjustment control) corresponds 
well to the result of the task of manoeuvring the controls. The control maps very well to the 
response of the seat and to the user’s probable mental model.  
 
??????? ????? ?? ????? ??????????? ???????? ?????? ????????? ?????????? ???????? ???????? ??? ?????????
?????????????????????????????????? ?????? ?????
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 When it comes to something seemingly as simple as placing assembly instructions in a 
suitable position with regards to the task, more problems arise than one might think. Initial 
studies have suggested that the range and accessibility of an information medium, to a very 
large extent, affects the workers’ proneness to gather information that might be crucial to the 
task (Bäckstrand, et al., 2008, Thorvald, et al., 2008b, Bäckstrand, 2010). Workers appear to 
work on a cost-efficiency basis, judging the probability that the instructions hold new 
information and making a decision based on that whether or not to bother finding it. 
 In the EU research project MyCar (NMP2-CT-2006-026631), suggestions have been 
made to use a handheld device, attached to the sleeve, to counter this and other problems. The 
handheld device allows the worker to bring the instructions with him/her and thus the 
information is always at arm’s length. Other potential aids to this problem include extending 
the range of the information medium. Using paper instructions or computer terminals, which 
is common practice today, limits the physical range of the information. The farther away from 
the source you get, the harder it becomes to read. Using sounds, flashing lights or other 
similar mediums can extend the range of the source significantly. As far as the literature goes 
on this subject, there are studies on how colour coding and sound can improve the quality of 
work (for colour coding see Benbasat, et al., 1986). However, there are little to no discussions 
on whether it can be the increase of range that elicits this increase in work quality. 
??? ????????????????????
At the beginning of this chapter, a definition of information behaviour was briefly 
presented as human behaviour in relation to sources and channels of information. But this 
really does not say much about what information is. A quick search over a number of 
scientific and non-scientific sources would suggest that each paradigm in each topic of 
science would have its own version of what information is. Ranging from simple bits of 
binary data in the computer and computing world to more elaborate and abstract notions of 
information in the behavioural and social sciences. An interesting distinction sometimes made 
is that of information and data and their intrinsic semantics to determine their nature (Floridi, 
2005). 
Meadow and Yuan (1997) presented a literature survey on the subject distinguishing 
information and data from each other with a basis in their meaningfulness to a potential 
information consumer. Bäckstrand (2010) also covered the subject and suggested, along the 
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lines of Meadow and Yuan that sensory input is merely data until it is translated and given a 
meaning by the information consumer. To exemplify, assume a random line of digits, 56483. 
This may respond to a number of different things and until it is translated into something 
meaningful it is to be considered mere data. However, it could also easily be translated into a 
Swedish zip-code (SE-56483), add an area code and you’ll have a phone number (+46 500 
56483), or the yearly salary of a random Associate Professor in the US ($ 56,483). Two 
definitions that comply very well with this view are: 
Data is the raw material that is processed and refined to generate information.  
(Silver & Silver, 1989, p. 6) 
Information equals data plus meaning. 
(Checkland & Scholes, 1990, p. 303) 
To a large extent, what is presented in manual assembly plants today is data that needs 
to be translated. The most common identifier of parts is article numbers. Data in the form of 
article numbers is presented to the workers and they are expected to translate this into a 
specific part or shelf section where a part can be found, see Figure 2-7 for an actual example 
of this. Instead of presenting data, this thesis will instead suggest and explore the presentation 
of bits of text with semantic content, thus presenting information rather than data, or at least 
something that allows the translation to be as smooth as possible.  
  
42 
 
??????????????????
 
 
??????????????????????????????????? ?????????????????????????????????????????????????????????
????? ??????????????????
In Human-computer interaction (HCI), one of the main usability principles for design is 
consistency and standards. This implies that you should “avoid making users wonder whether 
different words, situations, or actions mean the same thing” (Preece, et al., 2002, p. 27). If an 
element has certain properties at one place in the system, it should incorporate the same 
properties in the rest of the system. These properties might include everything from 
placement, design, and response to interaction. However, as Monk (2000) points out, it is 
important not to mistake consistency with uniformity. Nobody wants an interface where 
consistency has gone too far and where similar elements cannot be separated from each other. 
While consistency of elements is of great importance, they must also exhibit a certain degree 
of uniqueness to allow users to navigate the interface. 
Imagine a window where the menu tabs were labelled "Menu1", 
"Menu2", "Menu3". Each lead to the same number of items each of which was 
labelled "Item1, "Item2", "Item 3" and so on. This is an interface designed on 
the military principle "if it doesn't move paint it white". Everything looks 
uniformly the same (Monk, 2000, p. 4). 
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 The concept of consistency applies to assembly instructions when the same task 
is portrayed differently across time and vehicle variant. In one of the instructions studied in 
Thorvald et al. (2008b), assembly of an air tank is presented first with information of which 
tank is to be assembled, comments and instructions, followed by information about where the 
tank is to be situated on the chassis. In another instruction, assembly of the air tank is 
presented simply with information about where the tank is to be assembled (Section 3.1.2). 
For another example of the demands that are really made on assembly workers, imagine if the 
sections in your newspaper were suddenly rearranged. On Wednesdays the comics have 
swapped places with the leader columns and on Saturdays every other line in the sports pages 
are printed in italics. This probably would not sit well with most readers but this is not far 
from the situation that assembly workers are faced with each day. 
????? ??????? ???????????????????????????
The syntax of the information presentation, throughout this thesis, refers to the modality 
with which information is conveyed to the receiver. In the case of manual assembly, which is 
the focus here, this regards the unique identifiers used to inform assembly workers what part 
to assemble and how. Information interfaces in assembly, traditionally, consist of four parts 
though variations may occur from company to company. There is the unique identifier, 
usually an article number which is unique to the specific part. Second, there is a description, 
something that describes what the part is. Furthermore, there is the specification of quantity 
where it is specified how many pieces of each part that are required. These three, without 
many exceptions, are always present. At times they are also accompanied by a fourth 
category, the comment section. The comment section can be and is used to convey a wide 
variety of information. However, usually what is found here is particular information about 
the process of assembly for this specific part, such as torque for bolts and nuts, comments 
about tricky or quality hazardous assemblies etc. Some manufacturers also use this category 
to inform the worker that they need to sign off on certain subtasks. Figure 2-8, below shows 
what an interface, using these four categories, might look. 
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In Figure 2-8, article numbers are used as unique identifiers of parts. However, based on 
the above argument, article numbers are not very suitable for the task due to their lack of 
semantic content. Study 3 (Chapter 6) will investigate the use of symbols and commonly 
known names as opposed to traditional article numbers as a means of instructing the worker 
on what needs to be done. The use of such syntax is hypothesized to create better results in 
terms of assembly time and error rates due to their inherent meaning. As symbols and names 
have semantic content, i.e. they mean something, they are believed to generate better results 
than article numbers which are arbitrary combinations of numbers with no inherent meaning. 
However, presenting information in the correct form is not enough. Among the first 
questions an interface designer needs to answer when undertaking a project is; what 
information needs to be available to the user? Perhaps equally important is to consider what 
information does not need to be there. Common sense can indicate that too little information 
will ultimately lead to productivity and/or quality deficiencies. However, too much 
information can lead to the same kinds of problems. The issue of automated behaviours can 
easily lead to quality problems in manufacturing and presenting too much information can 
also create a kind of information overload where the crucial information is not seen. This is 
also, to some extent, true in object design. 
 In his book “The Design of Everyday Things”, Donald Norman (Norman, 2002, p. 2) 
claims that;  
Well-designed objects are easy to interpret and understand. They contain 
visible clues to their operation. Poorly designed objects can be difficult and 
frustrating to use. They provide no clues – or sometimes false clues. They trap 
the user and thwart the normal process of interpretation and understanding. 
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Alas, poor design predominates. The result is a world filled with frustration, 
with objects that cannot be understood, with devices that lead to error. 
 Even though he speaks of objects, the step towards chunks of information is not that 
far. If triggers are considered to be objects or vice versa, one might say that poorly designed 
triggers provide no clues to their meaning and no visible connection to their referent. 
????? ??????????????? ????????????? ??????
Whether pictures and text are processed and stored in the human brain in the same way 
is a long standing debate in the scientific society. Whereas one corner debates that cognitive 
processing is done through a mental, symbolic language, independent of the modality of the 
stimulus, the other debates, and have to some extent shown through experimental studies, that 
humans seem to process information in different ways depending on the source (Pylyshyn, 
1981, Kosslyn & Goodale, 1994). Rosch (1975) found that people were quicker to decide 
whether two pictures belonged to the same category than to decide whether two words 
belonged to the same category and argued that this implies the use of unique systems for 
different sources. 
Whether or not pictures and text are processed and stored in the same way in the human 
brain is not for this thesis to decide but the evidence is fairly clear that there is, at least from a 
behaviouristic stimulus-response model, a difference between the two. Images are generally 
processed faster and this is believed to be because of the semantic value that they hold. 
Pictures differ from text in that they give direct clues about their nature through the visible, 
physical details that they include (Evans, et al., 2002). However, most research done on the 
difference between pictures and text, are done on pictures with semantic content, pictures that 
give clues to their nature or the task at hand. Such a view is not directly applicable on 
assembly instructions without clarifying that, to apply this directly, the pictures that could 
possibly replace article numbers would need to have semantic content. i.e. they would have to 
be related to the part they are referring to. This would probably not be easy to do as many 
parts may look the same on the exterior but not have the same configuration inside their 
shells. So a picture of the part itself might not be the way to go. However, Rosch’s (1975) 
research does provide some hope for the hypotheses that symbols are better suited for 
information presentation than article numbers. As mentioned above, she showed that deciding 
whether two pictures are similar is quicker than deciding the same for two words, therefore, 
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matching two pictures would also be quicker than matching two words. Matching a symbol 
(picture) on the information interface with a symbol on the part shelf, should thus, according 
to Rosch’s findings be quicker than matching two article numbers in the same way. However, 
article numbers are not words but rather a random combination of numbers. But article 
numbers probably have less semantic content than words do and they should, according to 
reason, be even harder to categorize or match. This is one of the foundations to Study 1 and 3 
(Chapters 4 and 6) where article numbers will be tested against other syntaxes, believed to 
contain more semantic content. 
???? ????????????????? ??????????
The expectancy-value theory of motivation has long been applied in the psychological 
sciences and has found particular support with researchers from educational science. It has 
been developed thoroughly for the latter subject by Wigfield, Eccles and colleagues (Wigfield 
& Eccles, 1992, Wigfield & Eccles, 2000), who have applied it to children and adolescents in 
early adulthood and their expectations with regards to school and performance. As an 
example, Wigfield and Eccles (2000) investigated the attitudes and expected performance of  
a number of junior high school and high school children. These estimations from the children 
themselves were later compared to their results, their tendency to choose specific courses etc.  
The related issue of cost-benefit analysis has traditionally been applied to economics. 
The idea is to compare costs with their particular benefits within an organization with respects 
to efficiency and cost effectiveness (Jonides & Mack, 1984, Boardman, et al., 2006). 
Both of these, closely coupled, theories (expectancy-value and cost-benefit) deal with 
the preconceived notions that humans have as a result of experience and information and they 
deal with it in a prospective way. They strive to find relations between the cost and the benefit 
of a process or effort. However, to a large extent, the behavioural dimension of cost and 
benefit is arguably missed. Consider yourself sitting in front of a very old TV, one without 
remote control. You do not have the endless range of channels that is common today but you 
have only two. You are watching a program on channel 1 which you somewhat enjoy but you 
are still curious of what is on channel 2. From your experience, the programs on channel 2 
rarely appeal to you although sometimes they might broadcast something to your liking. This 
is when you calculate the cost of getting up from your comfortable chair, walking a few steps 
towards the TV to change the channel and finally walking back to the chair to sit down. The 
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benefit is calculated by the expected enjoyment you might potentially have from a program 
running on channel 2 and as you usually do not like the programs broadcast on channel 2 this 
benefit is probably fairly small. Finally, just as if you were buying a piece of ham in the 
supermarket, you, as the consumer of effort (or ham), need to calculate the price of the item in 
relation to how much you want it or its subjective worth. 
In a similar way, this thesis applies these thoughts to assembly work. The worker, more 
or less subconsciously, calculates the cost of finding the information, which might include 
several or all of the following (modified from Wigfield & Eccles, 2000): 
1. Physical effort 
2. The time it takes to do gather the information 
3. The extent to which the action limits access to other activities 
4. Emotional cost 
The benefits of the potentially gathered information can also be calculated in the same 
way as in the previous example where the potential benefit of the information is weighed 
against the notion of ignoring the information and working from experience (modified from 
Wigfield & Eccles, 2000): 
• Experience 
o Does the information usually contribute to the work? 
• Memory 
o Perhaps the worker has already seen the information but is unsure if it is 
remembered correctly. 
• Accuracy 
o Is the information usually accurate? 
• Attainment value or importance 
o The importance of doing the task well 
• Intrinsic value 
o The enjoyment gotten from doing the task 
• Utility value, usefulness 
o How does the task fit to the individual’s future plans? Subjective importance 
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The many forms and implications of information and information presentation is a 
larger area to research than one might imagine. Therefore, this literature review has been an 
attempt at catching the relevant parts of information and information presentation to set the 
stage for the upcoming empirical studies of the thesis. Figure 2-9, below shows a map of the 
literature review and how its parts relate to the studies presented in Chapters 4, 5 and 6. As 
study 3 will, for the most part, be a revisit of study 1, they both relate to the same parts of the 
literature review. 
???????????? ???????????????????????????????????????????????????????????????????????
Common to all three studies are the three headline topics of this thesis; the nature of 
information, attention and human error. To be able to rationalize at all within the studies, the 
idea of what information is, is necessary. Also, attention and human error will be of great 
importance as it is human-induced errors in assembly that are of interest to us, and in future 
dissemination, to the industry. Many of the types of human error considered in this thesis can 
also be related back to attention, attention limitations and the behavioural nature of 
automaticity.  
Study 1 will investigate the relationship between sequenced and unsequenced 
information, and together with study 3, it will also investigate the use of symbols as opposed 
to article numbers, which is common practice in the industry today. Hence the great interest in 
Study 1 Study 2Study 3
What is 
information ?
Layout & Syntax
Attention
Human error
Triggers
Context
Range
Information noise
Symbols & colours
Expected benefit
Status & Event
Intrusiveness
Relevance
Visibility
Richness in 
metadata
Freshness
Importance
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syntactical issues of information presentation. The layout and syntax of an information 
interface is argued to have great implications on both productivity and quality. Also, an 
information interface of any kind is never completely without noise. In fact, Shannon (1948) 
theorized that noise can never completely be subtracted from communication and perhaps it 
should not be. Perhaps noise, on some level, is needed for successful communication, which 
information presentation is. The debate regarding the nature of mental imagery, as discussed 
in section 2.9.3, while an unresolved issue, gives a scientific background that suggests that 
syntax should incorporate semantic content. One way of doing this is by using identifiers that 
are known to the information consumer. Symbols, drawings, names, colours, photographs 
etc., all have more semantic content than article numbers do. Thus it can be argued and tested 
in studies 1 and 3 that they produce improved assembly time and accuracy. 
Adjusting the syntax one uses to present information, i.e. changing article numbers to 
symbols or colours, inevitably changes the intrusive nature of this chunk of information. This 
means that the triggering capabilities of the interface are also changed. A trigger, as discussed 
in section 2.7.2, is not merely an attention getter, it is everything that humans can perceive 
and react upon. A word embedded with other words is just as much a trigger as a fire alarm, 
it’s just harder to perceive. 
Study 2 will focus on the psychological behaviour of assembly workers. The study 
argues that, if workers employ a cost-benefit strategy of information behaviour, quality and 
perhaps also productivity, this is probably due to the range of the information source. 
Therefore, exchanging stationary information mediums with mobile ones or mediums which 
have greater range will arguably reduce the cost of information gathering and hence, decrease 
quality issues. Adjusting the range of information will also affect the status and event of a task 
and will move stimulus and response points closer together, effectively narrowing the 
stimulus-response gap. It can also be argued that, since greater information range is 
hypothesized to increase information awareness, the danger of a missing stimulus (see section 
2.7) will be diminished (Dix, 1992, Dix, et al., 1998, Dix, et al., 2004b) . 
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The research described in this thesis was to a great extent inspired and informed by the 
EU-project MyCar (NMP2-CT-2006-026631), which ran between 2006-2011 and 
incorporated 18 participating universities and companies in Sweden, Greece, Germany and 
Italy. The project was concerned with the decreasing lifecycles and increasing customization 
options of the automotive industry. The project consisted of several sub-projects and the work 
which was most directly relevant to this thesis was from the Human-based assembly (HBA) 
work package of the Self-Adaptive Assembly plant sub-project.  
The HBA group was predominantly focused on manual assembly and specifically on 
information presentation and behaviour of manual assembly workers. A case study was 
constructed at a major truck manufacturing assembly line where existing information sources 
were analysed from a human-centred perspective and alternate means of information 
management were suggested. 
As work progressed in the project and after the initial analysis was completed, the use of 
a mobile information unit for information presentation was suggested. This resulted in the use 
of an iPod/iPhone and an accompanying HTML-based user interface for information 
presentation. This mobile unit concept was incorporated with several other ideas and put 
together for a live, conceptual pilot run at the truck manufacturer’s facilities, working with 
real assembly workers and real products. 
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This author planned, performed and analysed the work presented in this chapter. 
??? ????????????????????????????
As mentioned, a case study was constructed from one of the assembly stations at the 
manufacturing plant. The particular station was selected due to its complex nature where 
several difficult assemblies had to be made and where quality records showed problems in 
assembly. 
To begin with, an analysis of existing information sources was conducted where 
potential quality and productivity risks were deemed to be present. This analysis can also be 
found in Thorvald et al (2008b) and a hierarchical task analysis of the assembly work can be 
seen in Appendix 1. 
The information and conclusions drawn from this analysis are based on information 
about how the work should be done according to the documentation and the technicians that 
define the work. Further studies naturally have a more user-centred approach and involve 
field investigations of the work, but initially the desire was to investigate potential dangers to 
how the work should be done, and this was later to be compared to how the work actually was 
performed. The idea behind this approach was to examine the documentation and the 
empirical investigation separately so as to find potential discrepancies between the two which, 
in turn, could explain quality problems. In short, the interest is in investigating if there are 
conflicting views on how the work is to be performed. 
The assembly instructions are presented on paper. At the assembly station of interest 
there are four assembly workers, each with their own set of individual instructions. See the 
assembly station setup in Figure 3-1. For this analysis, one worker has been selected on a 
basis of the comprehensiveness of the instructions for that worker. 
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Right-front
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Left-back
Worker
Left-front
Material Rack
???????????????????????????????????????????????????????????????????????????? ?????????????????????
??????????????????????????????????? ??????????????????????????????????????????????????????????
Throughout this section, potential weaknesses and dangers to the assembly instructions 
as they are designed today are discussed with respect to automated human information 
processing (Shiffrin & Schneider, 1977), usability design principles (Preece, et al., 2002), 
entry  points (Garcia & Stark, 1991, Kirsh, 2001), and information noise, analysis and 
suggestions about where potential problems may arise, are discussed. A clear parallel with 
human errors based in James Reason’s (1990) and Donald Norman’s (1988) works is 
expected.  
????? ????????????????????
As discussed in section 2.4, it is a known and generally accepted fact in the scientific 
community that humans continuously strive towards less effort in their everyday lives 
(Shiffrin & Schneider, 1977, Reason, 1990, Wickens & Hollands, 2000), within both the 
physical and mental aspects of work. As a result of this, recurring tasks often become 
automated processes and naturally coincide with a passive attention mode. In the case of 
assembly personnel it might be that the subject is so automated in the assembly behaviour that 
he or she passively, performs the work. 
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Potential problems with respect to automated information processes can be identified by 
studying a hierarchical task analysis based on the assembly instructions,. For example, 
assuming that the processes involved in assembling a chassis become automated, as they 
should, a problem might arise when disturbing the sequence of actions to be performed. A 
common work sequence today is presented below (translated from Swedish). The first 
sequence, work piece arrives at station, is not printed in the instructions but has been added to 
the task analysis as it gives a point of reference in this analysis. 
1. Work piece arrives at station  
2. Consult assembly instructions and specify hole groups 
3. Place orders for pull material 
4. Handle packaging material 
5. Assemble V-stay 
Assuming that this sequence of tasks becomes automated in that they are performed 
following each other seamlessly, what would happen if the sequence was disturbed? In one of 
the assembly instructions provided, the work sequence looks like this: 
1. Work piece arrives at station 
2. Consult assembly instructions and specify hole groups 
3. Place orders for pull material 
4. Handle packaging material 
5. Assemble mudguard stay 
6. Assemble V-stay 
In the work sequence, a capture error is easily found within the bounds of tasks 5 and 6. 
Figure 3-2, below, shows how the assembly sequence can be translated to show a potential 
capture error. In this case, whenever the task “Assemble mudguard stay” is present, there is a 
risk that it will be forgotten as it disturbs the original sequence of operations. 
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?????????????????????????????????? ???????????????????? ???????????????
By comparing Figure 3-2 to Figure 2-2 and Figure 2-3, it is evident that they all 
represent similar origins for two tasks and are where a capture error might be prone to appear. 
However, a difference between the two sequences relates to the feedback and points of 
evaluation. In Figure 2-2, arriving at either place, forces a reflection on the result of the task, 
which should result in a rapid discovery of whether or not the correct destination has been 
reached. It might be conceivable, but not very likely, that the decision will be made to buy 
groceries when this was not the plan without reflecting over the mistake. However, in the case 
in Figure 3-2 there is no obvious point of evaluation. Whether the mudguard stay is assembled 
or not, the worker goes on to assemble the V-stay, without having to reflect or evaluate his 
work in direct connection to the critical task. Alternatively, the assembly instructions could 
include an ‘inspect’ task element. 
On the basis of the assembly instructions available, it is hard to predict critical points as 
they do not contain much detailed information about the tasks being performed. However, it is 
conceivable that the two work sequences above might be mixed up and result in a capture 
error as they are so similar. To a large extent it would depend on the level of automated 
behaviour being dealt with. To extend these thoughts to assembly operations in general, it can 
be argued that these critical points might arise quite easily in many contexts. 
????? ??????????????????????????????????????????
Consider Figure 3-3 and Figure 3-4 as an illustration of the inconsistency within the 
assembly instructions. Though the language is Swedish, the point is not the information 
content but its presentation. 
1 Work piece 
arrives at station
2 Consult assembly 
instructions and 
specify hole groups
3 Place orders for 
pull materia l
5 or 6 Assemble V-
stay
5 Assemble 
mudguard stay
4 Handle 
packaging material
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???????????? ????????? ??? ????????????? ????????????? ???????????????? ?????????????? ???? ???? ????????
???????????????????????????
 
 
??????? ????? ???? ????? ??? ???? ????????? ????????????? ????? ??????? ???? ????? ????????? ???? ?? ???????
???????????????????????????????????
In these figures, differences in information presentation between the chassis become 
obvious. In the instructions in Figure 3-3, the worker is presented with rather extensive 
information about the tank, fasteners, comments and position. In Figure 3-4, all that is 
presented is the assembly position. Disregarding the fact that there is no information about 
what tank is to be assembled and assuming that this information is gathered elsewhere, there 
are still two different sets of instructions for virtually the same action. Also, being required to 
use alternating information sources, as supposedly is the case here, can be argued to be a huge 
quality hazard. Granted that the information volume is in question, there is also a situation 
where it is very difficult to know what to look for, what to expect. In the field of visual 
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search, considerable work has been done on these kinds of problems, resulting in various 
theories on how visual search is performed. According to Rookes and Willson (2000), pattern 
perception and object recognition are largely based on matching. In the case with the 
assembly instructions, matching becomes much harder as it is also very dependent on the 
environment where it is presented (for further reading, see Wolfe, 1998). Another similar 
issue arises when tasks are added in the middle of a sequence as discussed earlier. When this 
happens, there is a rearrangement of the structure in the information source and this also leads 
to problems in finding the correct information quickly and easily.  
????? ?????????????
This issue can also be related to the entry point concept discussed in section 2.6. The 
entry points in the assembly instructions are few and unstructured. Elaborating on the points 
that Garcia and Stark (1991) and Kirsh (2001) make, one could conclude that entry points are 
used as introductions to information space on a basis of their ability to attract the observer. 
They do this by standing out. As Kirsh (2001) describes them, entry points have to 
incorporate some kind of intrusiveness to even begin to attract attention to themselves. In the 
assembly instructions nothing stands out (or rather everything stands out resulting in nothing 
standing out), no one thing is more intrusive to attention than anything else. Designing with 
entry points in mind would result in a more structured information design where there are 
clear introductions to the information about each task and something that identifies each 
unique information space amongst the others. 
????? ???????????? ?????
In Figure 3-3 and Figure 3-4, the information noise is represented primarily by the 
different types of fonts and also by the sheer amount of information. The comments in Figure 
3-3, although surely important to the task, are so extensive and closely coupled spatially, that 
they are hard to distinguish from each other (Rookes & Willson, 2000). What needs to be 
grouped together in the instructions is information about each tank, not grouping of the 
comments (Mullet & Sano, 1995). 
????? ???????????????????????????
This analysis has been produced with the initial plan of it being used for guidance in the 
future development of assembly instruction systems. What is often neglected in these cases 
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are the positive aspects of the current system. One often tends to focus on the positive sides of 
the proposed system and the negative aspects of the current system, forgetting what might be 
negative in the new and positive in the old. Naturally there are positive aspects within the 
current paper-based system and some of these aspects are first and foremost its flexibility; 
paperwork can easily be moved and manipulated by the worker. Also the separate tasks are 
more often than not clearly separated by using lines and fonts even though there are 
exceptions, and also special fonts and other formatting of the text might be used to attract 
attention. As has been mentioned earlier, this could easily become over-used as has been seen 
in some examples but the idea behind it is very useful. The negative aspects discovered and 
reported are in no way specific to these kinds of instructions. They might arise in many 
different types of instruction systems as can be seen in cases where one has simply changed 
the information carrying medium. If paper instructions were input into a computer system 
without change, the problems associated with the paper instructions would still, to a large 
extent, be present in the alternative medium. The issues are mostly medium-independent. 
A key issue, briefly mentioned during the discussion on automatic behaviours, is 
passive attention. When involved with automatic human information processing, humans are 
in passive attention mode (Shiffrin & Schneider, 1977). Therefore, this situation needs to be 
considered in design. Design needs to be done in a way so as to minimize explicit decision-
making processes and the consequent need for active attention. One way of doing this is by 
using reactive systems design. Reactive systems design, as viewed here, is based on the idea 
of a 1:1 mapping between information sources. It also heavily relies on the use of self-
explanatory placeholders. To exemplify, currently the unique information about what is to be 
assembled is presented in the form of article numbers. The numbers are also complemented 
by common terms but these are not unique between variants. The worker needs to read the 
article number, translate it into a geographical position where the part is stored or find the 
matching article number on a pallet. Either way adds to the worker’s cognitive strain and 
involves tasks that do not add anything to the finished product. It might be conceivable to use 
a much simpler 1:1 mapping in the form of symbols or colours that match between the 
information system and the shelves where material is stored as well as including semantic 
content. Using unique identifiers which are familiar to the worker could create a better 
connection to long term memory and thus result in better recognition and recall. The colours 
or symbols also act as placeholders and the mapping between the information source and the 
target becomes self-explanatory. 
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A principle that can be found within reactive systems that can also be applied separately 
is that of minimalist design. Preece et al. (2002) call it aesthetic and minimalist design, and 
this entails avoiding using irrelevant information. Normal practice today, not only in this case 
but in other domains as well, includes much information that is not necessary. If a bracket is 
mounted using the same bolt every time, then that bolt might not necessarily be presented in 
the instructions, or at least not directly presented. The bolt would probably get closely 
coupled cognitively with the bracket anyway and is not likely to be forgotten or replaced. 
Considering the assembly instructions in this case, the task; handle packaging material might 
not be necessary to present as it is probably done anyway. All this information does is cloud 
the workers with information and leads to more information noise. 
??? ???? ?????????????
The above analysis among other things resulted in the following key issues identifying 
weaknesses in the present state information system; 
• < 30 000 papers printed each day (plant-wide), due to the use of paper based 
information system. 
• Update lags – finalizing of instructions happening long before assembly is done 
due to the physical (as opposed to virtual/digital) nature of the instructions and 
all that this entails. 
• Complexity and redundancy in the information system due to poor information 
and interface design. 
• Time waste – information system being more or less stationary (a heavy binder) 
which means that the worker has to physically move to the information. 
Based on these bullets, a desired future state was also formulated; 
• Increased precision and quality of information. The user should have the right 
information at the right time and at the right place.  
• Reduce the effort to use information, both physically and mentally through 
better information and interface design. 
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• Increase mobility and range of information. The worker should have access to 
information whenever and wherever it is needed. 
As is obvious when studying the above bullets, the problems in the present state and the 
possibilities in the future state are all related to two parameters;  
a) Information medium with proper information/interface design 
b) Mobility of information 
The above conclusions ultimately led to the suggestion and use of a hand held, mobile 
unit for information presentation and an accompanying web-based user interface, which 
carried the assembly instructions. The mobile unit provided both mobility and range of 
information with information being accessible where the worker is, and also the reduction of 
paper printouts, unnecessary effort in information gathering, better and more optimized 
interface design with the digital medium allowing the use of photos, video clips, animations 
etc. A mobile device was also the only medium that would allow information to be moved 
both temporally (it is accessible all the time as it is kept on your person) and spatially (it is 
kept on the worker wherever he goes). This was also combined with other parts of the project, 
not necessarily related to the topic of this thesis, such as operator tracking, RFID 
identification of parts and chassis and a job rotation tool (Michalos, et al., 2010). 
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???????????????????????????????????????????????? ??????????????????????????
The mobile unit and its interface went through several different versions both in terms 
of hardware and software (Figure 3-6). Ultimately, the iPod/iPhone was selected due to its 
superior interaction capabilities and a suitable interface for this unit was also developed. It 
was argued that the iPod/iPhone supplied the following benefits in production, although no 
quantitative support for these claims was gathered; 
• Reduced effort – physical and mental 
• Reduced environmental impact (not within the scope of this thesis but still an 
important note to make regarding the benefits of using digital devices) 
• Reduced cost of information management. Easier and faster to update, cut off 
times for finalizing of instructions can be moved closer to the point of assembly 
• Reduced information waste. Information does not have to be redundant and 
found on strategic places in the work cell as it is brought with the worker. 
• Increased precision of information. Information presented where and when it is 
desired. There is also the opportunity of personalizing information and 
presenting information based on worker experience, age, personal preferences 
etc., this cannot be done in a static, paper based system. 
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??????????????????????????????????????????????????????????????????????
 
????????????????????????????????????? ??????
As mentioned, the user interface and the mobile unit were used together with RFID 
identification of parts and chassis, job rotation tool and an operator tracking system. The 
tracking system was based on WiFi triangulation and kept track of the workers wherever they 
were within the test area. Using the tracking system, the mobile information units could be 
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kept updated with information about whatever chassis and station they were working on. 
When moving from one station to another or when a new chassis arrived at the station, the 
iPods would update to the correct assembly instructions. Although not pursued as part of 
either MyCar or this thesis, the WiFi triangulation does provide the opportunity of having, not 
only flexible information content based on the individual worker, but also flexible information 
based on where the worker is in relation to the work area. By continuously knowing where a 
worker7 is, information can be supplied on a need to know basis and different detail of the 
information can be offered as it is needed. However, such a function might not be of great use 
to the average assembly worker who mainly stays at a particular work cell. Rather it may be 
the supporting personnel who might benefit from this, maintenance, material suppliers, 
managers, etc., personnel who move over a large area in the factory. 
??? ???????????
In April 2009, the human based assembly group of the MyCar project performed testing 
of the developed concept at Volvo Trucks plant in Tuve, Sweden. The concept was 
implemented on a “live” assembly line and included the following parts: 
• Mobile information unit 
o Software 
o Hardware 
• RFID-identification of parts and chassis 
• Job rotation tool 
• WiFi triangulation and tracking of workers 
Of greatest interest in this thesis is the first bullet, the mobile information unit, although 
in the MyCar concept, this cannot be seen in total isolation. For the pilot test, the mobility of 
information was heavily attached to both the RFID identification and the WiFi triangulation 
parts. The job rotation tool was somewhat isolated in the concept and dealt with assigning 
workers to different workstations based on both their general expertise and also more 
temporary issues such as fatigue, recent work with heavy lifting etc. The “live run” of the 
                                                
7 In reality, it is not the worker who is tracked but rather the information device. Due to union regulations and 
national legislation, it is not always possible to track humans but by tracking the device instead the problem can 
be circumvented. This way, the worker can choose to not carry the device with him for privacy reasons. 
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project started with a chassis arriving at a station, identified by the RFID system. The workers 
were immediately assigned to a work position by the job rotation tool. As they moved into 
position, the WiFi triangulation sent information to the information software, which then 
pushed out the correct assembly information based on where the worker was situated within 
the work cell.  
The concept was well received by the assembly workers and an unstructured follow up 
interview was held with all the workers with focus on the mobile information device. Below 
is a summary of the responses from these interviews. 
????? ????????? ??????????????? ??????
The device was relatively easy to handle and reduced the number of steps the operators 
had to take in order to acquire information. This is in relation to having stationary folders of 
printed paper at the station as is common practice at the plant today. 
The workers wished to have a more varied range of ways to keep the device on their 
person. In the test, the only place where the device could be held was in a strap or attached 
with velcro to their lower arms. It was agreed among the workers that a wider range of 
options would be nice to allow the worker to select what suited him or her best. One specific 
suggestion was to use a case attached to the belt of their trousers.  
????? ?????????????????? ????????? ???????????????
Though the software was still being optimized with respect to both functionality and 
usability, the workers found both these criteria to be well met. They very much appreciated 
the possibility of viewing pictures of items and difficult task sequences to aid assembly. 
However, the ability to view videos was not thought to be important, possibly due to time 
limits in the assembly. They would simply not have time to view instruction videos. 
????? ????????????????????????????
A problem that the workers expected to arise was when interacting with the device’s 
touch screen while wearing gloves. However, this problem was much less significant than 
expected and only at one time did one of the workers have to take off his glove to handle the 
device. The view was also expressed that gloves may get in the way when handling paper 
printouts as well. 
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The issue with gloves should not be brushed away too easily though. It does seem like a 
minor problem but experience says that small annoyances easily can become huge obstacles. 
If an iPod- or iPhone-based system was to be fully implemented in this kind of environment, a 
suggestion might be to offer a stylus pen, which is available for the iPod/iPhone touch screen. 
Also, more recently a special “touch glove” has been introduced to the market, which is said 
to work well on touch displays, particularly iPod and iPhone. 
????? ?????????????????
The workers’ general experience of the system was very positive. Most of them 
expressed surprise that a commercial product, such as the iPod could be so advantageous in an 
industrial domain.  Smaller issues were discussed such as the need for battery chargers, cases 
and some unnecessary functionality of the software, but these issues were considered minor 
and fairly easy to overcome. One of the operators even expressed a desire to start using the 
device tomorrow. 
??? ???????????? ??????????
As with most academic and industrial collaborative projects, MyCar has had its ups and 
downs. Perhaps what it has done best is that it has involved an actual assembly plant with 
actual assembly workers and has developed a concept, which is plausible for full 
implementation and seems to satisfy workers at the plant. The project was carried out with the 
interests of the OEM’s in mind and thus academic traditions may have been neglected or not 
followed up as it could have. Gladly, the MyCar concept did turn out well for the industrial 
partners, but as an academic contribution it is still interesting to investigate how good the 
concept might be and why it seems to have been received by the workers with such 
enthusiasm. To a large extent, the questions that arose within the MyCar-concept and issues 
that for different reasons went uninvestigated, were what became the embryos for the 
hypotheses in this thesis. 
????? ???????????????? ????????
Looking at the information sources in Figure 2-4, Figure 3-3 and Figure 3-4, it becomes 
evident that the information sources are much too complicated and unstructured to support 
good quality work. Several issues can be pointed to as quality and productivity risks but what 
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have been selected is the use of article numbers as unique identifiers of parts and the 
sequencing of information. To reduce the redundancy of information in the assembly 
instructions, the following hypothesis was formulated:  
• Using unsequenced data and thus minimizing the amount of presented information, 
reduces errors and assembly time. 
The use of article numbers is not only unappealing to the semantic nature of memory, it 
also clogs up the information space making it difficult to separate article numbers (which is 
the most important information) from the rest of the instructions (descriptions, comments, 
etc.). Thus the following hypothesis was formulated: 
• Using symbols as opposed to article numbers reduces errors and assembly time. 
This hypothesis was later revised to; 
• Using identifiers with semantic meaning reduces errors and assembly time. 
????? ???????????? ?? ????????
The decision to use an iPod/iPhone in the MyCar-concept was made on the basis of 
several arguments; its usability and superior interaction capabilities, its believed appeal to the 
assembly workers (worker acceptance was deemed highly important) etc. However, perhaps 
what sets a PDA of this kind apart most from previous information conveyers is its mobility. 
It can be carried around the workstation and it is always at arm’s length for the assembly 
worker. This is an interesting issue especially since the pilot implementation of the concept 
was done in a truck assembly factory where workstations are up to 11 meters long. With this 
spatial spread, the mobility and range of information becomes even more important. Also, the 
author’s personal experience as an assembly worker and conversations with other assembly 
workers indicated that the gathering of information is done based on the expected benefit of 
the information. If the information is believed not to include anything that the worker does not 
already know, often the information is not attended. This tendency to judge the value of 
information has led to the following hypothesis: 
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• A mobile information system increases the range of information and thus reduces 
errors and assembly time. 
The hypothesis lays the framework for an argument where the believed value of the 
information is compared to the expected cost of gathering it. If the expected value is high or 
the cost of gathering it is low, it is hypothesized to be more likely to be attended. 
The testing of these three hypotheses forms the central core of the research and is 
described in the three chapters that follow. 
??? ????????
As with many other large projects carried out in collaboration between academia and 
industry, the MyCar-project had room for improvement. However, it has been invaluable to 
the research described in this thesis in many ways. Most importantly, it granted access to one 
of Sweden’s largest manufacturing plants and the assembly workers therein. Through the 
direct observations, informal interviews and experiments that were carried out in this ‘live’ 
environment, great insights about the nature of manual assembly and assembly workers were 
gathered. It also gave access to expertise from other European major automotive 
manufacturers that were involved with the project. The project gave the opportunity to place 
this research into a broader context and it helped point out the benefits to this work in a way 
that would not have been possible with laboratory experiments only.  
Most of the work carried out in the HBA group of MyCar is present in this thesis – in 
the research presented in the current chapter, the author had an essential role and is solely 
responsible for what is presented in section 3.1. The MyCar concept (section 3.2) and the pilot 
test (section 3.3) were carried out in collaboration with others and the results from all of these 
studies allowed for the hypotheses to be formed. 
While none of the three empirical studies presented in this thesis (Chapters 4, 5 & 6) 
were performed within the MyCar framework, studies 2 and 3 (Chapters 5 & 6) have later 
been made available to the project and their results are included in the results of the project. 
The studies confirmed the use of mobile devices and a simplified information source for the 
assembly workers, mobile devices having already been suggested as part of the MyCar 
concept. 
  
67 
 
????????
 
 
? ????????
Minimalism of design is a concept that often occurs in Human-computer interaction 
(HCI) (Brockmann, 1990, Carroll, 1998). It is a concept that emphasizes the presentation of as 
little information as possible to reduce the perceptual strain and visual search of the subject. 
However, in manufacturing, state of the art information presentation is rarely minimalistic. 
Rather, organizations tend to push out as much information as possible without necessarily 
concerning themselves with how this information is presented to, or perceived by, the worker. 
Obviously, there are several potential ways of addressing this issue. Perhaps the most evident 
way is to simply reduce the amount of information that is presented and only present the 
essentials. However, this is not always possible due to internal policies of organizations etc., 
so how can information be minimised without removing bits of it? 
One way to do this, that has resulted in the formulation of the first hypothesis, is to 
consider the sequencing of information and reducing redundant information and the use of 
sequenced information presentation, i.e. if two copies of the same part are to be assembled, 
they can be sequentially presented separately or they can be batched together. Figure 4-1 
shows an information interface where the information is sequenced. 
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Article number Description Quantity 
598741 Bolt M8*50 1 
563246 Water pump 1 
598741 Bolt M8*50 1 
265726 Water pump gasket 1 
598741 Bolt M8*50 1 
?????????????????????????????????????????????????????????????????
Sequenced information is, as in the case in Figure 4-1, where the same part occurs 
several times in the interface. In the figure, article number 598741 occurs twice with only one 
quantity as the two instantiations of this part are separately assembled. This is common 
practice and has been found several times during study visits to different factories. The reason 
it is dubbed a sequential way of presenting information is because the articles are presented in 
the sequence they are to be assembled. i.e. they present some kind of process information 
about how the work is to be carried out. This also leads to a paradigm question for each 
organization interested in these matters to ask themselves; is the information source meant to 
present process information or product information? This thesis is focused on issues with 
product information and unsequenced information presentation, where no process information 
is presented, which is hypothesized to be the preferred choice when presenting product 
information. Naturally, unsequenced information presentation requires adequate training in 
the assembly process. The workers must know how the assembly is to be done and the 
information interface should tell them what is to be assembled. This thesis argues that process 
and product information should be handled separately in assembly. Process information is 
what the learning phase of new employment should be about. Also, process information 
should always be available to a worker as the how can be equally important as the what. 
However, from experience it is concluded that what is needed in everyday assembly is 
product information, not process information. Process information is usually the same, even 
though a part may be exchanged for a variant part, this new part is usually assembled in the 
same way. Ultimately leading up to the aforementioned conclusion that what changes on the 
product is the part, therefore this is what needs to be focused on in information presentation. 
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An exception from this would be a case where process information varies with different parts, 
i.e. if the variant part is assembled in a different way (different position, more fasteners, 
different torque, etc.) than the volume part. Depending on the circumstances, it might be 
appropriate to present both process and product information in this case. 
Article number Description Quantity 
598741 Bolt M8*50 2 
563246 Water pump 1 
265726 Water pump gasket 1 
???????????????????????????????????????????????????????????????????
In Figure 4-2, the information is unsequenced as each part is only listed once regardless 
of the sequence of assembly or the quantity of the parts and as can be seen in the figure, the 
same information can now be presented in three rows instead of five rows as in Figure 4-1. 
While this can be seen as a small gain in only two rows where the original assembly 
information was a reasonable five lines, the extrapolation and application to real 
manufacturing problems has greater implications. Actual assembly information is often much 
more extensive than in the above examples and when 15-20 rows can be cut down to 8-10 
rows, a significant contribution to minimalist design can be seen. 
??? ???????????
The hypotheses for the experiment are as follows (as defined in section 1.3): 
1. Using unsequenced data and thus minimizing the amount of presented information 
reduces errors and assembly time. 
2. The use of symbols as opposed to article numbers reduces errors and assembly time. 
To test hypotheses 1 and 2, an independent design experiment was set up where actual 
assembly workers assembled simple components according to different types of assembly 
information. All participants were given the same tasks but with different syntax to the 
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information sources. The different modes of information design (states of the independent 
variable) were: 
1. Sequenced data presented with article numbers (IV1) 
2. Unsequenced data presented with article numbers (IV2) 
3. Unsequenced data presented with symbols (IV3) 
Through the different states of the independent variable defined above, the hypotheses 
can be rejected or confirmed through the following analyses: 
• Comparisons between independent variable states IV1 and IV2 will confirm or reject 
hypothesis 1 
• Comparisons between IV2 and IV3 will confirm or reject hypothesis 2 
The risk of a confounding of the data appears when there are multiple potential sources 
to differences between test groups. This is why IV1 and IV3 cannot be compared, because they 
differ in two instances (Sequenced-unsequenced and article number-symbol). A comparison 
of these two would be meaningless as it is impossible to say what the result was caused by. 
However, IV1 can be compared with IV2 and IV2 can in turn be compared to IV3 since, in 
these comparisons the independent variables only differ in one instance for each pair. 
??? ???????
A total of 30 participants, randomly assigned to three independent groups took part in 
the study. All participants were experienced assembly workers with an age range of 20-42 
years old. All participants had at least 2 years of experience in engine assembly and they were 
also deemed highly skilled assembly workers by Volvo Powertrain who loaned them to the 
study. Approximately 17% of the participants were female, a number that corresponds fairly 
accurately with gender diversity in the automotive assembly industry. The three states of the 
independent variable were tested on three separate days following each other. Variable state 1 
was tested on day one, variable state 2 on day two and variable state 3 on day three. Ten 
subjects were assigned to each day. 
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Before the test, the subjects were briefed on how the test was to be carried out and how 
the assembly was to be completed. The task was to produce a predetermined pattern of 
LEGO® pieces with varying colours. Subjects were educated on the final shape of the product 
and informed that this would always be the same. Only the colours of the independent 
LEGO® pieces would differ. Figure 4-3 shows the final shape of the finished product. 
 
?????????????????????????????????????????????????????????????????????????????????????
Figure 4-4, shows the building instructions that the subjects were presented with before 
the actual testing took place. Subjects were also offered a few pieces to test-build the final 
product as part of the training. The building instructions presented in Figure 4-4 were not 
available to the subjects during the test, only product information was available at that point. 
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????????????????????? ?????????????????? ?????? ???????????????????? ???? ?????????????????????????? ????
?????????????????????????????????????????????????????????????????????????
Before the actual testing, three pilot studies were performed to discover potential 
dangers in the experimental design that might cause the experiment to fail. The pilot studies 
did not indicate any major issues with the experiment and thus did not lead to any changes in 
the experimental design. Data from the pilot testing was not included in the final result. 
????? ??????????
The test was carried out in a closed laboratory with the subject and two researchers 
present in the room. The task was carried out on a standing-height table with a material rack 
directly in front of it with material within reach of the subject. Information was presented to 
the subject via a computer laptop, placed on the table to the left of the subject and in front of 
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the material rack used to supply LEGO® pieces to the experiment. The rack contained 13 
boxes with different types of LEGO® pieces in them. Each type of LEGO® piece was also 
given a unique article number and a symbol. Article numbers and symbols were presented on 
the front edge of the material rack in relation to the boxes. See Figure 4-5 for a picture of the 
actual assembly environment. 
 
??????????????????????????????????????????????????????????????????????????????????????????????????
??? ????? ??? ???? ???????????? ????????? ?????? ??? ?????? ??? ???? ???????? ??? ??????? ?????? ???????
????????????????????? ?????
Three sets of instructions, based on the three states of the independent variable were 
used during the experiment. The instructions were identical in that they described the exact 
same sequence of the parts to be assembled, they contained the same information. The only 
thing that differed between the instructions was the way the product information was 
presented. For IV1, tested on day 1, the assembly instructions were sequenced so that the parts 
of the product that were to be assembled first were presented first. Multiple quantities of 
articles only appeared in this state if the two articles were assembled together. The articles 
were presented through an article number and the quantity of the piece to be picked and 
assembled.  
The sequence of products to be assembled was the same for all IV states and was 
divided into one high volume product (76% of the products) and six variants where a few of 
the pieces were exchanged from the high volume product. Each variant type had a frequency 
of about 4-5% with a total variant frequency of 24%. The variants and high volume products 
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were randomly distributed in the sequence of assembly. Figure 4-6 shows the actual assembly 
instructions for IV1. 
 
??????????????????? ????????? ????????????????????????? ??? ???? ??????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????
On day 2, IV2 was tested and the subjects were presented with unsequenced assembly 
information as can be seen in Figure 4-7. The information value and the syntax is still the 
same as in day 1 but the layout and the sequencing of the products has been manipulated. 
 
?????????????????????????????????????????????????????????????????????
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On day 3, testing of IV3 included the use of unsequenced symbols as opposed to day 2’s 
use of unsequenced article numbers (Figure 4-8) 
 
???????????????????????????????????????????????????????????????????
????? ???????????????
As the subjects came in to the test room, they were informed of the objectives of the 
study. They were told that it was an experiment with the objective to test different types of 
information sources and compare the results in terms of quality and productivity. However, 
they were not told any specifics about the respective information interfaces as this might have 
created an unnecessary risk that the results would have been confounded (Shaughnessy, et al., 
2005). Subjects were informed that they could abort the experiment whenever they wanted 
although none of the subjects eventually did this. 
In the test, subjects were placed before a table with the material rack and the computer 
within reach. As the assembly instructions were presented in Microsoft Office Powerpoint, 
they were instructed to press the space key to get a new instruction before each assembly. 
Also, the experimenters made sure this was done. After each assembly was completed, the 
product was sent to the subject’s right hand side for quality control and then passed on to 
disassembly.  
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???????????? ???????????? ???????? ?????????? ????? ????? ????????????????????? ????? ??? ???? ?????? ????
????????????????????????????????????????????????????? ?????????????????????? ??????????????
The subjects were asked to finish as many assemblies as possible within 20 minutes. As 
all the subjects were experienced assembly workers they were asked to work at a normal work 
pace and try to assemble each product as well as possible. The number of products each 
subject were able to finish within the 20 minute limit varied from around 10 to 30 assemblies 
and for the analysis a mean for each subject was calculated. This way each group has 10 
computable measurements. 
??? ????????
An analysis of the difference between volume and variant products was made for all 
states of the independent variables. Surprisingly, only IV2 showed a significant difference 
between these suggesting that the sequencing of information has greater impact than the 
choice of syntax. Table 4-1 shows the paired samples analysis for the comparison of volume 
and variant products.  
 
 
 
Subject Disassembly
&
Time control
Quality 
control
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?????????????????????????????????????????????????? ???????????????????????????????????????? 
 
Paired Differences 
t df Sig. (2-tailed) Mean Std. Deviation 
Std. Error 
Mean 
IV1 Volume -IV1 Variant 1,17 14,94 4,72 ,247 9 ,810 
IV2 Volume - IV2 Variant -3,08 3,09 ,98 -3,154 9 ,012 
IV3 Volume - IV3 Variant -1,80 4,09 1,29 -1,389 9 ,198 
 
As can be seen in Table 4-1, only variable state 2 shows a significant difference 
between variant and volume products, and actually, for IV1, variants were assembled faster 
than volume products according to the means (volume=53,17s, variants=52,01s). However, 
since the result is not significant (p=0,81) variants and volume products are statistically the 
same. Still, the indication that volume and variant products take the same time to assemble is 
very surprising as variants are thought to take more time than volume products and since the 
results are scattered between all IV’s a conclusion of this cannot be made. However, it could 
be argued that IV2 and IV3 both hit a floor effect in productivity in the sense that neither 
volume nor variant products could be assembled faster than around 25-30 seconds where 
means for both groups were found (see Table 4-2).  
????????????????????????????????????????????????????????????????????????????????
??????????????????????????? 
 N Minimum Maximum Mean Std. Deviation 
IV1.Volume 10 29 97 53,17 21,331 
IV1.Variant 10 40 72 52,01 10,133 
IV2.Volume 10 28 38 34,13 3,642 
IV2.Variant 10 29 44 37,21 4,950 
IV3.Volume 10 26 43 31,63 6,253 
IV3.Variant 10 25 47 33,42 7,590 
Valid N (listwise) 10     
 
As IV1 probably did not encounter a floor effect for the productivity parameter, the fact 
that volume and variant products were assembled equally fast, can be argued to be a result of 
the sequenced information system not supporting the workers in moving into automaticity and 
passive attention. Since the information interface includes so much information for IV1, it 
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could be that the subjects, in order to assure good quality, had to consult the assembly 
instructions equally for both volume and variant products. 
????? ??????? ?? ????????????
The first hypothesis of the experiment was as follows: 
• Using unsequenced data and thus minimizing the amount of presented 
information reduces errors and assembly time 
To test the above hypothesis, two sets of information sources were created. One where 
sequenced information was presented and one where the information was unsequenced and 
parts were batched together with other parts of the same kind (see Figure 4-6 and Figure 4-7). 
Analysis of the means shows a difference between the groups and also a notably large 
effect size (ES=0,9), which is probably the reason why a significant difference between the 
groups could be found despite the rather small sample size (p=0,01). 
?????????????????????????????????????????????????????????????????? 
 N Minimum Maximum Mean Std. Deviation 
IV1 10 28,56 96,78 52,5907 16,26455 
IV2 10 28,21 43,80 35,6690 4,51559 
Valid N (listwise) 20     
 
Table 4-1, above, shows the descriptive statistics for the comparisons of IV1 and IV2. 
Both through simple analysis of the means and further significance analysis, it becomes 
evident that using unsequenced information presentation significantly improves productivity 
in manual assembly. 
????? ??????? ?? ????????????
The second hypothesis of the experiment was as follows: 
• Using symbols as opposed to traditional article numbers reduces errors and 
assembly time 
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Just as the quality parameter arguably hit a floor effect due to the task being too easy, 
the productivity parameter for hypothesis 2 might have done the same. Analysis of the means 
in Table 4-4 shows a slight difference but deeper analysis showed no significant difference 
between the two groups, p=0,231. 
??????????????????????????????????????????????? 
 Groups 
N Mean Std. Deviation Std. Error Mean 
 
 
IV2 10 34,890741 3,7408088 1,1829476 
IV3 10 31,986535 6,3983693 2,0233420 
 
????? ????????? ????????????????
Even though it cannot be confirmed by this experiment that variant products take longer 
to assemble than do volume products, it is a generally accepted fact in the industry. Even 
though objective measures might indicate that variant and volume products are similar in 
difficulty and should be equally time consuming, variants, by definition, are rarer than volume 
products and thus the worker is probably less familiar with assembling them. Also, a 
significant difference between variants and volume products was found in IV2 and, looking at 
the numbers in Table 4-1, a similar, though not significant, trend can be seen for IV3. This 
lead to additional, post-hoc analysis of the difference between variant and volume products. A 
general plot of the assemblies can be seen in Figure 4-10. 
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??????????????????????????????? ??????????????????????
Figure 4-10 plots the average times for each of the 100 different assemblies that were 
made during the experiment. In the plot, there is an obvious saw tooth pattern which could 
possibly be traced back to variant assemblies taking a little longer to assemble than volume 
assemblies. However, this could not be statistically assured through significance testing and 
this fact led to further investigations of the saw tooth patterns. Analysis of the raw data 
showed that not only variants seemed to take longer but also volume products that were in 
sequence after a variant appeared to take longer to assemble than other volume products. 
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Deeper analysis of this consisted of singling out every volume product that was preceded by a 
variant product and comparing these to all volume products, treating all three IV’s as one. 
Descriptive statistics of this can be seen in Table 4-5. 
???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????? 
 N Mean Std. Deviation Std. Error Mean 
After variant 30 37,59 10,43 1,90 
Volume assembly 30 35,25 10,24 1,87 
 
Significance analysis of the two clusters using a paired samples t-test showed a 
significant difference between the two, p<0,001, confirming that volume products preceded 
by variant products do take a longer time to assemble than volume products that are preceded 
by other volume products. Thus, variant products seem to disturb the assembly of other 
products. This is a very plausible reason as to why a general difference between variant and 
volume products could not be found. 
??? ???????????????????????????
The results of the study described in this chapter were: 
• No quality differences between or within groups 
• Significant difference in productivity between volume and variant products for 
IV2  
• Significant difference in productivity between IV1 and IV2 
• No significant difference in productivity between IV2 and IV3 
• Variants disturb assembly of the following volume product 
The results for the experiment were quite surprising as a difference in quality between 
the independent variable states could not be found. Actually, each independent variable 
showed only 0-2 errors totally, which in no way indicates a difference in the quality 
parameter. This is easily attributed to a probable floor effect as a result of the assembly 
probably being too easy. However, the productivity parameter did show differences between 
groups for hypothesis 1 but not for hypothesis 2 as can be seen in sections 4.3.1 and 4.3.2.  
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While the absence of quality differences between the groups can arguably be assigned 
to a floor effect, it is still unsure whether this is the whole truth. Since IV1 most likely did not 
hit a floor effect for the productivity parameter, it is somewhat uncertain whether it then can 
be affected by a floor effect for the quality parameter as quality and productivity very much 
go hand in hand. It could easily be argued that if a worker decides to work faster, this should 
have some kind of negative effect on quality. This issue is also mentioned briefly in section 
5.5 and in Thorvald et al. (2010). The quality issue will also be investigated again in a follow 
up study to this one, again investigating the use of symbols and article numbers (Chapter 6). 
The significant difference, or absence thereof, between volume and variant products is 
to a large extent an enigma. As already mentioned there are several potential explanations to 
this, floor effect, variants disturbing the flow and difficulties in understanding the instructions 
for IV1, but none of the data can support or reject any of these. It might be time to challenge 
the generally accepted opinion that variants take longer to assemble than do volume products 
although it will not be done within the limits of this thesis. 
Analysis of productivity between the three information interfaces did show significant 
differences between IV1 and IV2, as expected. It becomes evident that unsequenced, batched 
information is better than sequenced, un-batched information. This is believed to largely be 
attributed to the minimalistic information design that it entails. Less information on the screen 
gives the worker a better overview of what is to be assembled and it is even plausible that the 
subject uses pattern recognition to help identify the type of product to assemble. Looking 
again at Figure 4-6 and Figure 4-7, the pattern recognition that humans are so adept at 
becomes much easier as the amount of data is reduced so drastically. A quick look at the 
unsequenced information can determine if everything is as it usually is. However, in the case 
of the sequenced information, a quick look will not be sufficient to determine what is to be 
assembled. In this case, subjects will most likely be forced to investigate the information 
source more thoroughly. 
Productivity analysis of IV2 and IV3 did not show significant differences between the 
groups. However, post-hoc analysis of the data showed that the statistical power for the 
comparison of IV2 and IV3 was a mere 0,338. This means that the experiment had only a 
33,8% chance of finding a significant difference between the groups, had there been one. The 
low statistical power is thought to be a result of the relatively small sample size and a weaker 
  
84 
 
????????
 
than expected effect size. As mentioned above, the issue of using article numbers or using 
symbols to identify parts will be investigated again in Chapter 6. 
The fact that variant products seem to disturb the assembly of the following volume 
products is very intriguing and might have some direct applications to common approaches in 
batching variant products in manufacturing. Recommendations within lean theory point 
towards one piece production where no batching of products occur other than according to 
real demand (Womack & Jones, 1996). The results presented here would however question 
this approach and instead suggest that they should be batched together to avoid the ramp up 
time that will affect the flow when moving back to volume product production. Multiple 
single variant products in a flow would create as many ramp up points in production as there 
are variant products. Batching the variant products would make for less ramp up points and 
might save time. However, production management is rarely this easy and there are several 
more issues to consider than simply ramp up times after a disturbance in the volume flow 
production. Multiple variants following each other would probably create bottlenecks in many 
situations and perhaps the assembly line is so generously balanced that there is time for ramp 
up points now and then. This is not a production management or logistics thesis and therefore 
this issue will not be taken any further, although, this ramp up effect might be interesting to 
bring into the equation in future balancing of assembly lines. 
To sum up, the experiment reached the following conclusions. 
• The experiment hit a probable floor effect and thus no quality differences 
between the groups were found. 
• No significant difference in productivity between volume and variant products 
could possibly challenge the view that variant products take longer to assemble.  
• Significant difference in productivity between IV1 and IV2 but not between IV2 
and IV3 indicates that the sequencing of information has greater impact on 
productivity than does the syntax used. 
o This could also be attributed to a floor effect for IV2 and IV3. 
• Variant products create ramp up points on the following volume products 
resulting in volume products preceeded by variants, taking longer time to 
assemble. 
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The study reported in this chapter has been both successful and unsuccessful. 
Successful, in that it found productivity improvements when using an unsequenced, batched 
information interface and ramp up points after variant products. It was unsuccessful in that it 
could not give a conclusive answer to the use of article numbers or symbols in information 
presentation. This is largely due to the floor effect that is probably present in the experiment 
and the weak statistical power of the experiment. These two issues might have been nullified, 
had the experiment had access to more subjects and a more difficult task. The subjects were 
provided through collaboration with a major manufacturer to ensure actual assembly workers 
in the experiment. Unfortunately, 30 subjects were all that was provided. 
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? ????????
As mentioned in section 2.10, the researched literature does not provide a solution to the 
problem with expected benefit and cost of action as defined in sections 1.3 and 2.10. This 
thesis therefore suggests a solution that arguably can handle this issue and reduce the cost of 
gathering information (Jonides & Mack, 1984, Wigfield & Eccles, 2000). The implementation 
of a mobile information unit is hypothesized to reduce the physical cost of gathering 
information and therefore, should improve quality of work.  After implementation of a mobile 
device and appropriate software the expected benefits and reductions of information gathering 
costs are as follows: 
• Faster information search 
• Combination of push and pull information (motivation for operators to access 
information proactively, resulting in higher motivation, preparation and quality) 
• More accurate information gathering 
• Less physical movement (reduced walking distance, reduction of non value-adding 
time) to achieve proper information access since the information is always available 
when the workers carry the mobile, wireless device with them. 
• Possibilities to reallocate human cognitive processing power to value-adding 
activities (Information search is a non value adding activity) (Sawhney, et al., 2009). 
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• Better assembly quality as a result of more accurate and more time-effective 
information gathering 
• Radical reduction of paper printouts (environmentally and financially beneficial) 
• More efficient follow up of quality problems as they can be tracked through the 
mobile device and back to the worker 
• Faster, more efficient and cheaper information distribution and updating when 
transferring from a paper based to a digital system. 
Workers will find information faster and more accurately with the use of a mobile and 
wirelessly connected device with the appropriate software. This will result in better product 
quality through the better quality of information and the reduced stress levels of the workers, 
as they will save time by this implementation. 
??? ???????????
The hypothesis for the experiment is as follows (as defined in section 1.3):  
• A mobile information system increases the range of information and thus reduces 
errors and assembly time. 
The time saved due to the reduction of movement at the workstation is argued to benefit 
productivity in terms of hours per vehicle or similar measures. This decrease in physical strain 
ultimately leads to benefits in physical ergonomics and productivity. It is also plausible that 
the time to come to a decision of whether or not to consult the assembly instructions is 
diminished, as the internal calculation of the costs and benefits of the decision are more 
distinct, as discussed in section 2.10. 
The argument for better quality in the hypothesis is based on cost-benefit (expectancy-
value) reasoning (Jonides & Mack, 1984, Wigfield & Eccles, 2000) where it is believed that 
by reducing the cost of gathering the information, through walking distance, cognitive effort 
etc., subjects are more prone to use the information system than if it had been stationary and 
far away. However, the challenge is to determine what the actual effects on quality are. 
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??? ???????
The challenge of satisfying the testing of the productivity part of the hypothesis mainly 
consists of having a task with certain spatial properties. To be able to measure productivity 
the work cell ideally should have a length of about 6 to 8 meters. This is simply to ensure that 
there is a considerable cost to return to the stationary information conveyer and this also 
corresponds well with the assembly tasks to be emulated. The second part though, quality, 
needs to be approached more delicately. It is believed that, because of the cognitive and 
physical strain of gathering information, assembly workers do not always judge it as 
worthwhile to do. However, this mentality might not occur until the worker is fairly 
experienced in assembly. Arguably, novices are unsure and tend not to stray from the 
assembly instructions too much. However, more experienced workers are more confident in 
their work and can sometimes value their own expertise too highly. Although it is plausible 
that the experience-factor is not necessary for this quality risk to occur, the situation might 
also arise where the worker has gathered the necessary information but forgotten it due to a 
prolonged stimulus-response gap (see section 2.7.1) (Dix, et al., 1998). In this case it could 
possibly be argued that the worker, instead of going back to the information source, puts more 
faith in their memory and thus might make an error. If a mobile information system is 
available at this point, the worker is argued to be less prone to trust their memory and more 
likely to consult the information system due to the low cost in cognitive and physical strain of 
gathering the information. This argument is made with a basis in cost-benefit and expectancy 
value theories (Jonides & Mack, 1984, Wigfield & Eccles, 2000). 
The subjects were divided into two independent groups where each contained 12 to 14 
university students/staff. Assembly workers, as experience and observations tells us, are a 
very heterogeneous group consisting of people of all ages, genders and personalities. In 
Skövde, Sweden, it is very common that young people spend a year or two in the automotive 
industry before moving on to University studies. Therefore, no extensive selection, other than 
criteria for age, of subjects is undertaken. All subjects were between the ages 20-35. This is to 
secure a mix of subjects that corresponds to the actual people working in assembly. 
The task consisted of assembling several building blocks on a wooden chassis about 6 
meters long.  See Figure 5-1 for a description of the laboratory layout. The test consisted of 
completing 20 iterations of the main task, including volume and variant products. Each task 
consisted of five subtasks where five different blocks were assembled with different bolts. As 
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can be seen in Figure 5-1, the wooden structure, which is supposed to emulate a truck chassis, 
has two sides. Each main task was performed on one side and as the worker has come full 
circle around the chassis, she has performed two main tasks, each consisting of the assembly 
of five blocks to the chassis. 
 
??????? ???.? ???????? ??? ???? ????? ?????? ??????? ?????????? ??? ???? ????????? ????? ???? ??? ????? ??? ????
?????????????????????????????????????????????????????????????????
In the two conditions that are used, one for each independent group, the independent 
variable is the information conveyer, i.e the stationary information source, a computer laptop 
(Figure 5-1) and the handheld device which in this case is an iPod Touch. PDA setup is 
exactly the same as in Figure 5-1, except that the laptop is removed and the worker is fitted 
with a PDA on their arm. Figure 5-2 shows a subject fitted and working with the PDA. In 
Figure 5-2, it can be seen how the assembly worker, while mounting a block, is already 
focusing on what the next task is. His eyes are already fixated on the PDA. 
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????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????? ??????????????????????
As the test continued the assembly information changed, blocks and bolts were 
assembled at different places or were replaced by other types of blocks and bolts. Both blocks 
and bolts were identified through unique four digit article numbers. Handheld power drivers 
were used to fasten the blocks to the chassis. 
The interface for the information conveyers was a newly developed prototype, designed 
for use in the automotive assembly industry, which is a domain that this test is intended to 
emulate in terms of the task and laboratory layout. See Figure 5-3 for a screenshot from the 
software as shown on the PDA. The software looks identical on a computer terminal as it is 
web based and run on web standards as defined by the World Wide Web Consortium (WC3, 
2010). 
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??????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????
The test consisted of, as mentioned earlier, two independent groups performing the 
same task which was assembling building blocks to a wooden chassis. One group used a 
computer terminal as information conveyer and the other used the PDA. The dependant or 
measured variables were: 
1. Productivity – total time spent on performing 20 tasks. 
2. Quality – number of errors. Wrong blocks or wrong bolts in the wrong location. 
As the subject worked on one side, a researcher disassembled blocks from the chassis 
on the other side.  
??? ????????
A total of 26 subjects took part in the experiment with 12 subjects performing the tasks 
with a computer and 14 subjects using the PDA as information source. The groups were 
evenly balanced with respects to age and gender. 
For productivity the groups differed in total time with the means 41,9 (Computer) and 
39,5 (PDA) minutes, as can be seen in Table 5-1. Analysis between the groups with respect to 
time proved not significant in a 2-tailed independent samples t-test (p=0,134). Effect size was 
0,59 and post hoc statistical power 0,579 (Cohen, 1992). 
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?????????? Descriptive statistics of productivity measured in minutes. 
 Group N Mean Std. Deviation Std. Error Mean 
Total Computer 12 41,8750 2,96284 ,85530 
PDA 14 39,4643 4,62628 1,23643 
 
The mean number of errors for both groups was 3,36 as can be seen in the descriptive 
statistics in Table 5-2. The participants in the computer group made an average of 4,58 errors 
while the participants in the PDA group made an average of 2,14 errors. For analysis of this 
dependent variable a non-parametric test was chosen as the distributions are slightly skewed. 
A 2-tailed Mann-Whitney test showed significant difference between the groups (p=0,045).  
????????????????????????????????????????????? ???????????????????????????? 
 Group N Mean Std. Deviation Std. Error Mean 
Quality Both 
Computer 
26 
12 
3,27 
4,58 
3,001 
3,397 
,588 
,981 
PDA 14 2,14 2,143 ,573 
 
Notable for the analysis of quality is that the effect size was large (ES=0,81). This is 
probably the main reason why a significant difference between the groups could be shown 
with only 26 participants in the test. A histogram for both groups showing the difference in 
distributions can be seen in Figure 5-4. The figure illustrates both differences between means 
and also the differences in width of distributions which is also evident through the major 
differences in standard deviations. Although, homogeneity of variances tests did show that 
variances between the groups were equal. 
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???????????????????????????????????????????????????????????????????????????
??? ??????????
There is an inherent risk in all types of tests where researchers are involved in 
operations, in this case disassembling parts during the test, that they may disturb or somehow 
bias the results. However, this is, first of all, balanced between the groups as both conditions 
had the same possible disturbance from the researcher. Second, these kinds of disturbances 
and even much worse, is expected in the actual assembly domains that are being emulated. 
Thus there should be no confounding of the data and this fact merely adds to the external 
validity of the test. 
However, the external validity may be challenged by another factor connected to the 
cost calculation that the subjects are believed to perform. This calculation is likely to consist 
of several variables, not all accounted for in this laboratory study. Examples of these 
variables, from an individual’s perspective, are: 
• Morals 
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• Current and calculated cognitive strain 
• Current and calculated physical strain 
• Expected value of information 
• Experience 
• Social context 
• Consequence of error 
Several of these, morals, cognitive and physical strain, expected value and experience, 
can be said to be accounted for in the laboratory experiment but a few are not. Especially 
consequence of error and social context are very much missing from the test context and this 
is believed to possibly have some effect on the results.  
However, this possible flaw in the external validity of the experiment still does not 
contradict the results that have been found. Both groups have been affected by this possible 
subjective bias and thus the differences between the groups are still valid. 
??? ???????????????????????????
Although productivity did not show a significant difference in the analysis this is 
thought to be because of the poor statistical power of the experiment (Cohen, 1992). The 
focus in the experimental design was to design quality hazards and avoid floor effects in the 
number of errors. Post hoc statistical power for productivity was 0,579, which gives about a 
58% chance of finding a significant difference, should there be one. More subjects would 
probably have resulted in this variable also being significant. Also, the reinforced hypothesis 
that subjects using the PDA are more inclined to use the information source probably results 
in their measurement for productivity being increased. The time spent on the information 
source obviously affects productivity if productivity is seen as an isolated factor. Naturally, in 
production, productivity is also affected by quality from an organizational point of view. 
Using several sources it could be argued that there is a negative correlation between the 
concepts of quality and productivity, or accuracy and assembly time which is what is used 
here (Deming, 2000, Lee, et al., 2007). Existing literature suggests it and the results from the 
experiment presented in this chapter comply with literature. And the logic for this negative 
correlation is very simple. Consider an example of a manufacturing company having to 
increase their productivity to respond to increasing customer demand. The metric used for 
productivity is man-hours per product, and for quality percentage or number of errors. So, 
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the company has to produce a larger quantity per employee and this obviously results in each 
employee having to do more work in the same time. Logically, having to do more in the same 
time will most likely affect quality in a negative way. The worker will be more stressed and 
will not be able to be as thorough as before. Similarly, if quality is the metric that is to be 
improved at the aforementioned manufacturing company, the effect will be similar on 
productivity. Just as in the first example, the work of the individual worker is changed, not to 
doing more in the same time but to being more thorough. Consequently, having to spend more 
time on each product to make sure quality standards are met will have a negative effect on 
productivity. 
It should be recognized that there are several ways of trying to improve productivity and 
quality, and that the suggestion for a negative correlation between the two regards the human 
part of this work. Naturally, a company can invest in machinery that can help improve either 
quality and productivity (or both) without affecting the other. 
However, quality did show significant differences between the groups. This reinforces 
the hypothesis and the argument behind it that subjects are more prone to use the information 
source if it is more accessible to them. This is thought to include both physical effort and time 
wasted to gather this information. 
To conclude, the experiment has shown how quality is greatly improved by a mobile 
information source. Differences in the means show that the group using the PDA produced 
less than half the number of errors compared to the computer-group. However generalization 
and applications to industry of these results must be made with great care. The experimental 
design was made to generate errors and these built in “traps” might not correspond fully with 
state of the art industry. However, many of these errors have been observed in modern 
industry and are a compilation of errors found through the researcher’s personal experience as 
an assembly worker and through observation. 
The main results found in this study were: 
• No significant difference in assembly time  
• Number of errors did differ significantly 
• Results suggest a negative correlation between accuracy and assembly time.  
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To sum up, these results are valid for application in industry if handled with care. Since 
the experiment has been designed to generate as many errors as possible and the task might be 
considered trivial, analysis within groups may be somewhat distorted. However, the 
difference between groups, which is what is being investigated, is there and is significant. The 
main result: ‘mobile information sources result in better quality than stationary ones,’ is valid 
and confirms previous, unpublished, observational studies. 
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? ????????
As study 1, presented in Chapter 4, did not find significant differences between the use 
of article numbers and symbols, possibly due to a floor effect and a small sample size, this 
chapter will revisit the hypothesis yet again. However the experiment will be slightly edited. 
As hypothesis 2 (Chapter 1) states –  
• Using symbols as opposed to article numbers reduces errors and assembly time. 
The revised hypothesis, tested in this chapter, will extend not only to suggest using 
symbols over article numbers, but rather to use identifiers with semantic content. Whether it is 
a word, a symbol or a colour, it is suggested that using identifiers that have meaning, and that 
can be related to, increases the workers ability to recognize, remember and process said 
identifier. Article numbers have no meaning and therefore are more difficult to relate to and 
remember. 
The history of the debate between the use of a meaningful or non-meaningful stimulus 
goes back to the great experimental psychologist Hermann Ebbinghaus (1913). In his 
endeavour to investigate the capabilities of the human memory he used what has come to be 
known as nonsense-syllables such as DAF, PED or BOL (consonant-vowel-consonant). He 
used these syllables to determine how long it would take to first remember a list of them and 
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later to forget them and at what rate the learning and the forgetting occurs. However praised 
his work has been and still is today, there is substantial criticism towards its generalisation. 
Whereas it may accurately portray learning and forgetting curves in a controlled experiment, 
it is created in an artificial environment with unnatural motivation and context (Bartlett, 
1995). From a more recent, situated cognition view, it takes human cognition out of its 
context and it can be argued that using words with meaning instead of nonsense-syllables 
would generate different results which would be more applicable to how human cognition is, 
not only created, but used. 
It is interesting to note though, that the transition from nonsense-syllables to article 
numbers is not very far. Assembly workers are asked to remember and recall article numbers 
in a similar way as Ebbinghaus did (he did most of his experiments with himself as the only 
subject), although it has been argued, quite convincingly that this is not optimal for the sake 
of human memory performance. 
??? ???????????
The revised hypothesis for this study is: 
• Using identifiers with semantic meaning reduces errors and assembly time. 
The hypothesis is tested in an experiment using three independent groups of assembly 
workers, used to handling article numbers as identifiers. A piece of software was created 
where the subjects are asked to match article numbers, symbols and famous names to 
themselves – an identifier appears on the screen and the task is to click on a corresponding 
button. For this, reaction time and accuracy is recorded and analysed for differences 
depending on what state of the independent variable the subjects are assigned to, article 
numbers, symbols or names. 
Whereas falsifying or confirming the hypothesis is very important to the experiment, 
perhaps it is not the most interesting result that may come from this study. It is already 
heavily suggested by looking at existing literature that article numbers will fare worse in this 
experiment than symbols or words (Ebbinghaus, 1913, Bartlett, 1995). A rather more 
interesting analysis is how much worse article numbers are than the other two variables given 
  
99 
 
????????
 
that the above hypothesis can be confirmed. One should not forget that, even if article 
numbers are generally not considered to be very suitable for human use, they do carry several 
benefits. Perhaps the greatest one being that there is an infinite number of them. So the 
eventual move towards eliminating article numbers in favour of other, more meaningful, 
identifiers would require this new syntax to be significantly better than article numbers to 
make the transition economically viable. Therefore, statistical measurements such as effect 
size will be of great interest to investigate how much better symbols and words fare in 
comparison to article numbers.  
Effect size is a measurement to describe the internal relationship between two variables. 
Effect sizes are usually termed small (0,2) moderate (0,5) or large (>0,8) (Cohen, 1992). The 
effect size measurement becomes very important when the interest is in the actual relationship 
between two variables rather than just whether they are similar or not which can be found by 
analysis of variance or other significance tests. As an example, traditional significance tests 
are very dependent on sample size and a large sample size may generate significance almost 
anywhere. However, as these differences may be very small it will also be important to 
consider the size of the differences before any conclusions are drawn. This is what the effect 
size can do. A small effect size will require a larger sample size to generate significance 
whereas a case where the effect size is large does not require as many subjects to find 
significance. Although, what might be implied in the above statement and the statistical 
literature if read too hastily, is that effect size is a measurement of the differences between 
groups. It is not, but rather it is a measurement of the stability of the means and the variances. 
Sample data with low variances and a small range create larger effect sizes and thus needs 
smaller samples to generate significant outcomes. To measure the differences between groups, 
looking at the means, creating confidence intervals and approximating what in statistics is 
called µ (a population’s true mean) is the best approach. 
??? ???????
A total of 39 participants, all experienced assembly workers underwent the test, all 
equally distributed among the three conditions. Three of the participants were female (about 
7%) and 36 were male. Though a better mix of genders would have been preferable, the 
assembly lines where subjects were recruited had this biased distribution of gender. The three 
women who were included in the test were distributed evenly across the three groups. 
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The software was created in Microsoft Visual Basic 2010 and consists of three main 
parts, one for each condition. At startup, a selection screen (Figure 6-1) is shown where the 
subject or the experimenter can choose what condition is to be tested. Upon selection the user 
sees one large start-button and 14 target buttons. On pressing the start button, a random 
stimulus is visible (Figure 6-2) for one second and the subject carries out the selection of the 
appropriate target. After pressing the correct or incorrect target, reaction time and accuracy is 
recorded and to call for the next stimulus, the start button must be pressed again. Reaction 
time is measured as elapsed time from pressing start to pressing any target, correct or 
incorrect. 
 
??????????????????????????????????????????
????? ???????? ???????
The article numbers were created using a random number generator set to generate 6-
digit numbers between 100 000 and 999 999. A 6-digit article number is a very common 
length, at times there may be more digits (up to 8) but it is very rare that article numbers in the 
automotive industry contain less than 6 digits. 
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????????????????????????????????? ????????????????????????????????????
????? ????????
The symbols used all came from the ANSII table with 255 possible symbols to use as 
triggers. The symbols chosen for the test were selected on the basis of their physical 
properties and size, thus excluding dots, commas etc. 
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????????????????????????? ????????????????????????????????????
????? ??????
Using only article numbers and symbols in the test would have left it open to criticism 
due to the large difference in the number of characters that made up the stimulus. Not only 
would there be a difference in semantics where symbols have a meaning and article numbers 
do not, there is also a difference in target length that could confound the experiment. 
Therefore the decision to also use a combination of characters was made. This ultimately led 
up to the use of the names of famous persons as stimulus. The names used were selected upon 
their recognisability using only surname, given name or nickname, this to reduce the number 
of letters. 
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??????????????????????? ????????????????????????????????????
????? ???????????????
For the briefing of the test, the subjects were shown how the software worked and 
informed of what they were expected to do. To avoid any type of priming of targets, the 
article number group was shown the symbols part of the software, the symbol group was 
shown the names part and the names group was shown the article numbers part of the 
program. All groups were told that the only thing that would change was the targets. 
The test was run on a single laptop computer with a computer mouse connected. The 
mouse was the only input device that the subjects had to interact with. The test was also 
conducted within an assembly factory with all the distractions this entails. Subjects were 
informed that a study was to be conducted during the day and were asked to go about their 
work as usual. The experimenter then walked from work station to work station asking the 
workers to participate in the experiment. 
??? ????????
The results showed clearly how the article number group performed significantly worse 
than the other two groups ?? ? ??????. Table 6-1 shows descriptive results from the 
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experiment. As is evident from the table below, the symbols and names groups performed 
considerably better than the article numbers group. 
??????????????????????????????????????????????????????????????????????
 Group Mean Std. Deviation 
Quality Total 
Article numbers 
2,31 
3,04 
0,60 
0,36 
Symbols 
Names 
1,88 
2,02 
0,28 
0,24 
 
A homogeneity of variances test showed that the variances were equal and a one-way 
Anova produced the results in Table 6-2 below, confirming that the difference between the 
groups is statistically significant. 
?????????????????????????
 Sum of Squares df Mean Square F Sig. 
Between Groups 10,403 2 5,201 59,185 ,000 
Within Groups 3,164 36 ,088   
Total 13,567 38    
 
As mentioned, comparisons between groups showed significant differences between 
article number and symbol group ? ? ????? , and between article number and name group 
? ? ????? . As expected, no significant differences between symbol and name groups could 
be found. However, the absence of a difference between name and symbol group must not be 
accepted without question as a larger sample size may have produced a significant difference 
between the two. But as the difference between these two was not part of the hypothesis this 
was not investigated further. However, the effect size between the two groups was a mere 
0,25 and thus if an effect is present, it is very small and is likely to be a result in the difference 
of characters used to depict the two types of identifiers. Table 6-3 below, shows multiple 
comparisons between all three groups. 
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??????????? ????????????????????????????????????
Group Group 
Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
d 
Art.nr 
mesio 
Symbol ,1162779636 ,000 ,876646180 1,445081958 
Names ,1162779636 ,000 ,731659495 1,300095274 
Symbol 
dimens 
Art.nr ,1162779636 ,000 -1,445081958 -,876646180 
Names ,1162779636 ,434 -,429204574 ,139231205 
Names 
dimens 
Art.nr ,1162779636 ,000 -1,300095274 -,731659495 
Symbol ,1162779636 ,434 -,139231205 ,429204574 
 
??? ???????????????????????????
After viewing the results of this experiment, it is important to recognize that they do not 
necessarily suggest a major paradigm shift where the assembly industry should abandon 
article numbers in favour of symbol identifiers altogether. Assigned with the use of article 
numbers are several practical benefits which will not be thoroughly discussed in this thesis, 
such as the fact that they do have certain robustness to their nature and they are also 
combinable into an infinite number of identifiers. Rather, what this thesis and these results 
advertise, is some afterthought on the area from workplace designers and technicians. It is not 
necessarily the physical properties of the symbols themselves that create more efficient work 
but rather the information that they entail and carry. Using identifiers that have inherent 
meaning, whether they are numbers, symbols, names or whatever, is what should be learned 
from this experiment. 
The main results found in this study were: 
• Article number group performed significantly worse than symbol and name groups 
• No statistically significant difference between symbol and name group 
The fact that the article number group fared considerably worse in this experiment than 
both the symbol and name groups strengthens the hypothesis that using identifiers with 
semantic content is preferred.  
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As hypothesized, there was no statistically significant difference between symbol and 
name groups. This suggests that whatever difference in character length or differences in any 
other type of identifier structure is negligible. It most likely is easier to remember one digit as 
opposed to several digits if there is no semantic content. If semantic content is present, as in 
the case of symbols and names, this nullifies the difference in character length and equalizes 
their intrusiveness into the human mind. 
The argument made about the importance of semantic structure is heavily inspired by 
the idea of chunking in short term memory, discussed briefly in section 2.5. Just as chunking 
is a matter of connecting information to long term memory, to something that is already 
familiar to the subject, the idea of using identifiers with semantic content draws on the same 
idea. If the subject can associate information to something they already know, recognition, 
recall, matching and overall cognitive processing will be faster and more accurate. 
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? ???????????????????????????
As mentioned several times in this thesis, the applied subject of information 
presentation is very much unexplored. This is especially true within manual assembly. This 
thesis has tried to create a theoretical starting point towards a roadmap of information 
presentation in manufacturing, a roadmap that ultimately could help the industry create a 
better cognitive work environment.  
A summary of the thesis reveals three major issues of information design that have been 
researched; 
• Syntax 
o Semantic content 
o Mental imagery 
• Layout 
o Sequenced and unsequenced information 
• Information range/medium 
o Expected benefit 
Syntax and layout of information presentation has been investigated in studies 1 and 3 
focusing on the difference between different information conveyers, or identifiers, and the 
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procedural order that these are presented in have been investigated. The issue of information 
range through different mediums has been investigated in study 2. 
The investigations have also found a few issues that were not related to the initial 
hypotheses; 
• Variants disturb the flow of succeeding volume products 
• Negative correlation between quality and productivity 
In study 1, variants were interestingly found to disturb not only the current flow of 
production, but also the time spent on the following volume products. The saw tooth pattern 
in Figure 4-10, along with significance analysis suggests that volume products that are 
preceded by variant products require more time to complete than the average volume 
assembly. This is believed to be caused by a ramp up effect that affects both variant and 
volume products. This thesis argues that when a worker is confronted with something new, or 
at least something different from his or her previous task, they will require a certain amount of 
extra time to acquaint themselves with the task. However, if the current task is the same as the 
last one performed, strategies remain the same and no ramp up is necessary.  
??? ?????????
When performing scientific studies, there is often a trade-off between external and 
internal validity. External validity is generally easier to get in a field study as all the 
parameters are present in the experiment and internal validity is generally easier to get in a 
laboratory study where all variables can be controlled. The experiments presented in this 
thesis have all been carried out in a laboratory and thus might be subject to questioning of the 
external validity (Parker, 1993). However, a laboratory experiment is not by default liberated 
from problems with internal validity as will be discussed in this section. 
????? ??????????????????
Laboratory studies are always to some extent subject to questioning regarding the 
external validity of the results. How well the laboratory setting emulates the actual assembly 
environment is a question that needs to be considered in detail (Shaughnessy, et al., 2005). In 
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short, it can all be boiled down to one question; can the results from the laboratory experiment 
be applied to other populations and contexts? 
Generally, there are four threats to the external validity of an experiment (Parker, 1993); 
1. Population 
a. Is the sample representative of the population8? 
2. Task settings 
a. Is the task relevant and does it accurately emulate the real world? 
3. Time 
a. Is the experiment carried out at a neutral time? For instance, carrying out 
studies regarding general hand hygiene in the midst of a swine flu 
epidemic might give seriously biased results. 
4. Place 
a. Is the experiment carried out in a neutral place? For instance, performing 
interviews about customers attitudes towards Sainsbury’s while standing 
outside Tesco’s might be subject to criticism 
 There are several ways to improve the external validity of an experiment and generally 
these include securing a random sample of the population, mimicking real world task settings 
and securing a neutral time and place for the experiment. However, selecting a random 
sample of a population is not as easy as randomly inviting people to participate in the 
experiment. It is also extremely important to identify the actual population. For example, the 
experiments performed in this thesis are all based on a population of assembly workers or 
potential assembly workers. Studies 1 and 3 both take this into account and the samples used 
there are both drawn from the actual population of assembly workers at a manufacturing plant 
in Sweden. However, getting access to actual assembly workers is not always possible and so 
study 2 instead used a heterogeneous mix of university students. This may be seen as a flaw in 
the experiment’s setup and could thus be cause for questioning the generalizability of the 
results. However, in Skövde, Sweden, the average assembly worker is actually a young person 
                                                
8 In the U.S, it is not uncommon for psychology students to be required to partake in their professors’ research 
studies to receive their marks on a course. This has led to the, perhaps exaggerated, claim that American 
psychology research is often only generalizable to university students. 
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and it is not unusual for young people to work a few years in the industry before moving on to 
higher education. 
All the task settings of the experiments presented in this thesis have been designed to 
emulate at least one parameter of the actual assembly environment. Study 1 had a LEGO® 
assembly task and the settings of the experiment very much emulated the actual assembly 
environments that assembly workers are faced with every day. The information interface 
(aside from the independent variable), stress level, work posture etc., were all similar to that 
of the actual assembly environment. Study 2 went as far as having a model of a truck chassis 
for the subjects to assemble wooden blocks on, using material crates and boxes similar to 
those used in the assembly industry. Study 3 was the only study that did not include some sort 
of assembly task but was merely designed as a reaction test. Therefore, generalizations from 
this study need to be made with caution, as mentioned in section 6.4. The test indicates that 
using identifiers with semantic content improves cognitive processing and reaction time of 
assembly workers but it does not reveal anything about how this would translate to an actual 
assembly environment, thus more research on this is needed. 
The time and place of the experiments do not seem to have been biased in any way. 
They were all carried out at the University of Skövde, Sweden during 2008-2010. 
????? ????????????????????
As mentioned earlier, there is often a trade-off between the internal and the external 
validity of an experiment. By taking measures to reduce uncontrolled parameters in an 
experiment, one might limit the generalizability and thus the external validity of the 
experiment. In short, a laboratory study makes it easier to control extraneous variables but 
might fail to include significant parameters from the field, thereby limiting the 
generalizability of the research. A field study on the other hand, includes all parameters that 
might actually affect the results, leading to good generalizability of the research. However, in 
a field study, with all the uncontrolled variables that may occur, it is very difficult to be sure 
of what is actually measured. To improve the generalizability of results, many researchers 
have called for ecologically valid experiments, experiments that resemble real life conditions, 
thus ensuring better generalizability of the results (Parker, 1993, Brewer, 2000). 
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The experiments in this thesis have been set up, perhaps with the exception of study 3, 
with ecological validity in mind. The experiments, while definitely being laboratory studies, 
have aimed at mimicking certain elements of real life assembly work. However, certain 
parameters, believed to have significant effect on work behaviour, are very difficult to 
reproduce in a laboratory setting. These parameters mostly include issues of care for the 
result. In any experiment that is not carried out ‘live’, repercussions for failing to meet goals 
are small, if they exist at all. No shop floor manager is going to come and inform the subject 
of quality or productivity issues and even if a research leader did take the role of a shop floor 
manager to do this, chances are they will be somewhat ignored. The subject simply has no 
incentive to do well other than what is upheld by his or her own morals.  
????? ??????????????????
As mentioned earlier in Chapter 6, there was originally a slight risk of confounding in 
the comparison of symbols and article numbers. A confounding or a confounding variable is 
an extraneous variable that correlates with the states of the independent variable. The 
extraneous variable is uncontrolled and unmeasured and might affect the result of the 
experiment, thus leading to a type 1 error, i.e. a false positive or false confirmation of the 
hypothesis (Shaughnessy, et al., 2005). 
Hypothesis 2, used in study 1 and the revised hypothesis in study 3 merely suggested 
that, as symbols and names have semantic content, they should be easier for the worker to 
translate and process. However, it is not only the independent variable of semantic content 
that differs between article numbers and symbols, there is also the extraneous variable of 
character length. In study 1, this was not accounted for and it might therefore have influenced 
the results. However, as hypothesis 2 was not confirmed, a type 1 error has not been made. 
Study 3, on the other hand, did confirm the hypothesis but for this experiment the 
confounding variable was controlled.  The difference in character length between symbols and 
article numbers is still present but with the introduction of a third state of the independent 
variable, this difference is now controlled. Comparisons of article numbers and famous names 
do not have the confounding variable character length between them as both syntaxes contain 
multiple characters. This leads to the conclusion that the hypothesis can be confirmed if: 
a) Names and symbols both are better than article numbers due to semantic content 
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b) Names and symbols do not differ significantly as there is no difference in semantic 
content between the two. The difference in character length must not create a 
difference in results 
So if there is no difference between names and symbols, the variable of character length 
can be assumed to not affect the results and not create a confounding of the experiment. 
????? ?????????????
The relationships between alpha (significance level), sample size, effect size and power 
are quite complicated but still quite rewarding to investigate for a study. As discussed earlier, 
a too large sample size creates overly sensitive tests and too small sample sizes create 
insensitive tests. This is where power and effect size become valuable in the conclusions that 
can be drawn (Cohen, 1992, Hair Jr, et al., 1995). Perhaps most important to remember in 
cases with large sample sizes is that statistical significance is not the same as practical 
significance. In this thesis, relatively small sample sizes have been used with success in all 
cases but one. Study 1 was performed with 30 assembly workers, courtesy of a major 
automotive manufacturer and with the experimental design it was thus limited to having only 
10 subjects per group. As the effect size was moderate, to have the recommended 80% chance 
at finding significance, if there is one, the sample size would have had to be doubled at least. 
However, this was not achievable when using actual workers and with the study having other 
issues, floor effects etc., it was deemed better to redesign the testing and test a modified 
hypothesis in study 3.  
??? ???????
The syntax of information presentation has been investigated in both study 1 and 3. 
Although study 1 could not confirm the hypothesis that using identifiers with semantic 
content is preferable to using identifiers without semantic content, this was believed to be due 
to a floor effect in the experiment and thus the hypothesis was revisited in study 3. This time, 
significant difference between the two could be found and not only that, the effect seemed to 
be rather large, identifiers with semantic content showing a mean reaction time of 1,95 
seconds while simple article numbers, without semantic content, showed a mean of 3,04 
seconds. However, as mentioned earlier, this relatively large difference should not be taken as 
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a definite ruling against using article numbers in production. One must remember that the use 
of article numbers also comes with many benefits. One of them being that they are infinitely 
combinable; there will never be a shortage of article numbers. Symbols or names on the other 
hand, which have been used to represent identifiers with semantic content, are finite. For 
instance, the ANSII table consists of 255 symbols, and some of these are not suitable for 
information presentation. In an assembly factory with thousands of different parts there would 
soon be a shortage of symbols. Naturally there are other symbols than those that exist in the 
ANSII table but they are still not infinite in number. Using names, famous or not, would most 
likely also result in a lack of unique identifiers although this mode of information presentation 
would probably exceed the capacity of the ANSII table. Perhaps the employment of different 
types of information presentation syntaxes in different parts of a plant is a suitable solution.  
As this thesis did not set out to decide what should be used but rather to find the 
difference between the different ways to present information, a final answer to this cannot be 
given within the bounds of this work. From a human based assembly point of view, article 
numbers should probably not be used, but hands-on manual assembly is but a small part of 
manufacturing. A new system would also have to meet demands from logistics, material 
handling and a wide array of other departments, making the use of article numbers preferable. 
If using alternate systems within a plant is possible, the results in this thesis do suggest that 
the use of non-traditional information presentation syntax should be considered.  
Further evidence for the superiority of words over numbers can be illustrated by a 
variation of the classical Stroop test (Stroop, 1935). The Stroop test is a true classic in 
experimental psychology research and illustrates the power of a learned ability (reading) over 
a congenital one (recognizing colours). In a Stroop test, the subject is presented with a number 
of coloured lines to which the subject is asked to respond with the colour of the line. The time 
for this, relatively easy, task is recorded. The subject is then presented with a number of 
words written in different colours to which the response should still be the colour, not the 
word. The times for both conditions are compared, usually showing that the first condition 
was faster due to the lack of conflicting information in the stimuli.  
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?????????????????????????????????????????????????????????????????????????????????????????????????????
Figure 7-1 shows the basic setup for a Stroop test, the left side showing simple lines 
which present with no conflicting information and the right side showing words written in the 
target colours, leading to conflicting information for the subject. Actually, the subjects are 
more prone to respond with the written word rather than with the colour with which it is 
written. This is believed to be because of the highly automatized ability of reading. Lately, a 
similar test has been developed for numbers, called the Stroop numerical test (Foreman, et al., 
1989, Tzelgov, et al., 1992, Kaufmann, et al., 2008).  The numerical test, instead of using 
colours, uses words repeated a number of times.  The subjects are to say how many times the 
word is repeated, not the word itself. 
???????????? ???????? ?????????????????????????????? ???????????????????
? ? ?
????????????
????
????
????
?????????????????????? ??????????????? ????????????????????? ???
?????????????????????????????????????????????????????????????????????????????
Figure 7-2 shows both conditions for the numerical Stroop test and Figure 7-3, below 
shows the full second condition of such a test.  
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?????????????????????????????????????????????????????????
Just as the original Stroop test shows how reading is a stronger ability than even the 
ability to recognize colours, the numerical Stroop test shows how reading is stronger than 
human mathematical and counting ability. Something that most likely is active when dealing 
with all sorts of numbers, even article numbers. Another version of the numerical Stroop test 
uses actual numbers instead of numbers written with alphabetic characters, i.e. 11, 111, 33 
etc. Wolach et al. (Wolach, et al., 2004) did a crossover test using four conditions; Symbols (-
, + + +, ===, ::, :::), alphabetic characters (C, AAA, DD, BBB, DDD), matched digits (1, 
4444, 333, 22, 4444), and mismatched digits (2, 1111, 444, 33, 3333). Mismatched digits, 
which is essentially what an article number is, took significantly longer for participants to 
respond to when compared to symbols and alphabetic characters. However, as predicted in the 
study, matched digits took less time to read and count than all other conditions. This is due to 
the facilitation effect, often discussed in relation to Stroop tests. The facilitation effect 
explains how, in this case, matched digits (22, 333) do not offer conflicting data but is rather 
consistent in itself, the available chunks of information (count and digit) is not conflicting 
(Wolach, et al., 2004).  
To sum up, different kinds of Stroop tests do confirm what has been found in this thesis, 
article numbers are not the best identifier to use when it comes to human factors. Rather, 
something less conflicting and more related to long term memory is preferable. However, 
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human factors and manual assembly are not the only factors to cater for in manufacturing and 
thus, in some cases, article numbers might be suitable. 
??? ???????
Study 1 investigated the use of sequenced and unsequenced information presentation. 
Today, a popular approach is to present information in the order that it is to be consumed. 
However, the hypothesis stated in this thesis, and ultimately confirmed, is that unsequenced 
information presentation where information is batched together, does decrease assembly time. 
Arguably, this is due to a number of factors, particularly: 
• Reduction of noise 
• Easier navigation 
That the use of unsequenced information creates a reduction of noise is fairly obvious. 
Information is minimized and thus noise is as well. Also, the unsequenced information 
resulted in easier navigation through the interface as it became much easier to find a target 
piece of information with less conflicting data surrounding it.  
What needs to be discussed in the future is the distinction between presenting process 
and product information. To some extent, using unsequenced information presentation means 
removing the process information from the instructions. Consider the assembly instructions in 
Figure 7-4, which shows assembly instructions using structured information presentation. 
???????? ???????????? ???? ????????
??????? ??????????? ?? ?????
??????? ?????? ?? ?
??????? ???????? ?? ?
??????? ?????? ?? ?
??????? ?????? ?? ????????????????
??????? ???????????? ?? ?
??????? ????? ????????? ????????????? ?????? ?????????? ???????????? ??????????????????????? ????? ???
????????????????
The above figure (Figure 7-4) not only presents information about what part to mount, 
but it also gives clues to the actual assembly process. It indicates that the first thing to 
assemble is the water pump, which is to be fastened using four bolts with the article number 
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654316. After that, a console is to be assembled using three of the aforementioned bolts. 
Finally a valve, and three fuel filters are to be mounted. Whereas this is a very limited 
example, it is still obvious that these kinds of structured assembly instructions, by their 
layout, do include some clues as to how the assembly is to be done and not only information 
about the parts. By using unsequenced instructions, information is minimized and the clues to 
the order of assembly are lost. Whereas it is probably impossible to make a general 
conclusion about which is better, this thesis has shown that unsequenced assembly 
instructions save space on the screen, make it easier and most importantly faster to find the 
required information. Presenting the information in Figure 7-4 with unsequenced information 
presentation would not yield a very large difference, one line would be removed as there 
would only be one instance of bolt 654316 with a quantity of seven, but in other cases the 
difference between the two modes of presentation might be significant.  
Figure 7-5 shows an actual assembly instruction from a major automotive manufacturer 
employing unsequenced information presentation.  
 
?????????????????????????????????????????????????????????????????????????????????????
As can be seen in Figure 7-5, many parts, particularly bolts and washers (Sexkantsskruv 
and Bricka) are recurrent and a transformation of this assembly instruction into using 
unsequenced information presentation would result in a number of lines being removed. Also, 
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the information in the figure is about ¼ of the total assembly instructions for this particular 
product at one station. Also, with respects to information layout, there is some data present on 
the instruction that can be questioned, primarily all the rows in the two right side columns and 
also the headings C1 and C2. Despite investigation of several similar assembly instructions 
from the same manufacturer, the purpose of this data is unknown.  
The effect that using unsequenced information presentation might have on quality is not 
investigated due to the low amount of errors committed in study 1. Arguably, process 
information should be included in the process of training a new worker but might not be 
something that the average worker needs. A combination of the two ways of presenting 
information might be to present sequenced information to novices and unsequenced 
information to experts or more experienced personnel. However this is an assumption that 
needs to be investigated further and even then might not give a comprehensive answer. 
??? ??????????????????
Study 2 was based on a hypothesis that stated that workers would perform better with a 
mobile information device than with a stationary one. This argument and subsequent 
hypothesis is presented with basis in two theories. 
• Expected benefit 
• Stimulus-response gap 
The expected benefit argument states that workers calculate the cost and potential gain 
of gathering a piece of information and make a decision based on this calculation whether to 
collect the information at all. A mobile information device would thus reduce the cost of 
gathering information and make the worker more prone to do so. The second argument, based 
on Dix’s (Dix, et al., 1998) stimulus-response gap, describes how, with the stimulus far away, 
in time or space, the response is more likely to fail.  In a parallel to detection theory (Shalin, 
et al., 1996, Verghese, 2001, Wickens, 2002) it could be argued that the workers are not 
sufficiently biased towards keeping good quality or that they are biased towards working fast 
and saving energy. 
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????? ??????????????????????????
On the assembly floor, workers are usually required to always consult the assembly 
instructions, only to find that, for non-novices, there is usually no information of value to 
them there, as long as a volume product is being produced, they already have the information 
stored in their memory, leaving the assembly instructions superfluous. So the expected benefit 
argument is really an argument towards making information easily accessible in every sense.  
Also, looking at the expected benefit argument, one might make an analogy to the story 
of ‘the boy who cried wolf’. Just as the boy in the story cries out with false alarm, assembly 
interfaces that are riddled with unnecessary information, making the important information 
fade into the background (this is a problem with layout and minimalism), can be argued to be 
similar to a false alarm. Whereas the expected benefit argument does not take into account the 
layout and syntactical nature of the assembly instructions, it does deal with the value and cost 
of gathering information. If an assembly worker expects the next assembly instruction to be a 
false alarm, it is most likely not deemed low value. If the cost of gathering this low value 
information is great, most likely, it will not be gathered. However, if the cost of gathering 
even low value information is low, it is at least more likely that it will be done. This is also 
what the results in study 2 suggest. The experiment might still be riddled with ‘false alarms’ 
but the cost of gathering information is sufficiently low, being at arms length, that gathering 
the information is justified even when working on a cost benefit basis. 
????? ???????????????????????????
A related explanation for the assembly workers’ suggested behaviour is the stimulus-
response gap as discussed in section 2.7.1. It is plausible that with a stationary information 
source, positioned several metres away, the information is gathered but forgotten. This does 
not mean that in the few seconds it takes to walk from the information source to the task area 
the information is forgotten but rather that the spatial distance between the information source 
and the task area makes the information be attended only once whereas with information at 
arms length, the information source can be attended continuously and when there is a need for 
it. 
The stimulus response argument suggests that even if the worker does attend the 
information source, it is most likely done only once. However, if the information is close and 
the cost of gathering it is low, it will most likely be attended continuously, bringing the task 
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(response) closer to the information gathering (stimulus) thus closing the stimulus-response 
gap. 
??? ???????????????????????
Trying to connect the studies and arguments made in this thesis, it all seems to boil 
down to one key question: 
 What makes an assembly instruction attended and understood? 
Whereas the above question is what this thesis has been trying to find an answer to, the 
inverse question is what has been investigated specifically: 
What makes an assembly instruction not attended, or misunderstood? 
In trying to answer these questions, one might classify the reasons for information 
behaviour errors made in assembly. This thesis identifies three main behavioural reasons for 
the failure of information behaviour, ignoring the information (whether intentionally or 
unintentionally), processing the information and forgetting the information. 
????? ?????????????????????
As has been discussed earlier in the thesis, it does not matter how well an information 
interface is designed or how easily accessible it is, if it is ignored. Therefore, getting workers 
to attend the information seems like a good place to start. This thesis has focused on this issue 
from several standpoints; 
• Information that is easily accessible is more likely to be used 
• False alarms decrease likelihood of information being attended 
• Using correct triggers increases the likelihood of information being perceived 
The above bullets describe two ways of making information attended. They also 
correspond to two ‘ways’ of ignoring information, intentionally and unintentionally. 
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??????? ??????????????
The expected benefit argument (Section 7.4.1) deals with an intentional disregard for 
the information source. Roughly, it states that if information is too difficult to gather, it might 
not be gathered at all. By making information easily gathered, mainly physically but also to 
some extent cognitively, the information sources are more likely to be attended. 
Secondly, the related false alarm argument can also be applied to intentionally ignoring 
information. Presenting information that is unnecessary serves no use but is most likely rather 
annoying to the workers and ultimately makes them unwilling to spend too much time on 
something that they feel is probably unnecessary. 
??????? ??????????????
The intentional disregard of information is but one part of the whole, it can also be of 
the unintentional kind. Unintentionally ignoring information is most likely due to a failure in 
the information interface design. As mentioned in section 2.6, a good way of catching the 
users attention is through different kinds of triggers. In Kirsh’s (2001) use of triggers, focus is 
on the physical properties of triggers, how they stand out and how they might appeal to the 
user. Failing to use the correct triggers with correct properties could potentially lead to the 
information being unintentionally neglected. Similarly, failing to make key information stand 
out among other information chunks, might lead to the information being ignored. 
Unintentionally ignoring information ultimately traces back to attentional issues. In 
some way, human attention abilities are not able to cope with the amount/type/form of 
information that is presented. The trigger is unable to function as an ‘attention getter’ and 
therefore fails in its purpose. 
????? ????????????????????????
Whereas the discussion on the ignoring or disregard for information is about getting 
users to gather information in the first place, understanding information takes place when 
information is gathered and is to be read or translated. Just because a piece of information is 
attended or even read, this does not mean that it is understood. By this author’s personal 
experience, many manufacturing organisations fail at this. They believe that as long as the 
information is ‘pushed out’ and read, the worker understands it. However, it is almost never 
this easy. What the worker objectively perceives and what is subjectively understood is often 
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two separate things. Hopefully, the two do not differ too much. This is where syntax, layout 
and semantics of information become essential to consider. Study 1 has shown that, whereas 
quality might not have been affected by changing syntax and layout of the information 
interface, productivity has. Logical deduction then unveils a possible explanation to the 
results;  
Since quality was not affected, objective and subjective information 
did not differ in content but the processing time did. 
This statement is based on the fact that the number of errors did not differ between the 
groups. Thus, comprehension of the information was not a problem although the time it took 
to find information, understand it and act on it did differ. 
While study 1 did not show a difference in the number of errors between groups, it is 
not a very farfetched idea to believe that it might be different in a live situation. One must 
remember that study 1 was a laboratory test with all that this is associated with;  
• The Hawthorne effect (Holden, 2001) 
• Limited time  
• Social context 
• Consequence of error 
As the above bullets and more might have an effect on the results of the laboratory 
study, a larger field test of this would be of great interest (Chapter 8). Based on the reasoning 
of the negative correlation between quality and productivity in Chapter 5, an increase in 
productivity and a decrease in quality is a plausible hypothesis. 
????? ???????????????????????
Arguably, forgetting information is the most common reason for a failed information 
behaviour in assembly. Whereas the ignoration of information is often due to a failure to 
capture the users attention, forgetting information is due to a failure of keeping it. Arguably, 
the forgetting of information can be traced back to one key issue; the gap between stimulus 
and response or between action and effect (Dix, et al., 1998). 
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Firstly, consider the example presented in section 2.7.1: 
… when something differs from the usual configuration of articles, this is indicated in 
two ways… Second, the new item is also often accompanied by a coloured dot, thought to act 
as the ‘attention getter’ for the new item so that the information is not overlooked (Figure 
2-4)… the trigger (coloured dot) is attended once, when the work piece arrives at the station. 
If the worker is unable to act directly on the trigger, there is a greater chance that he will not 
act on it at all 
The above example describes how a trigger such as the one with the coloured dot can be 
argued to be discrete. While it might be continuously presented (it is not removed from the 
assembly instruction), it is not continuously attended and can therefore be seen as discrete. 
The use of such discrete triggers is a very hazardous strategy as they generally need to be 
acted upon at once so as not to prolong the stimulus-response gap further than necessary (Dix, 
et al., 1998). However, the observed strategy of assembly is to investigate the information 
source when the work piece arrives at the station and then performing the work, usually 
without consulting the assembly instruction again. If the stimulus (in this case the new item 
highlighted by the coloured dot) is unable to be acted upon at once, it is likely to be forgotten, 
most likely due to the worker having gone into passive or automatic attention, doing what is 
normally done. The maximum gap between stimulus and response can therefore be said to be 
the amount of time that the worker can stay in active attention before going back to routine 
behaviour (See sections 2.2, 2.3 and 2.4). 
??? ???????? ??????????????
This thesis has investigated, argued for and to some extent shown how: 
• The syntax used in information presentation has significant effects on 
productivity and possibly also on quality. This is to some extent supported by 
existing research such as the Stroop test. 
• The use of sequenced or unsequenced information presentation has significant 
effect on productivity and possibly on quality. This is most likely due to the 
reduction of noise and easier navigation that follows. 
• The spatial range of an information medium has significant effect on quality. 
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It has also been discussed how: 
• Ignoring information, intentionally or unintentionally, is a problem related to 
unclear information of the assembly instructions. They might not be intrusive 
enough to catch the worker’s attention or they might be misleading so that the 
worker does not trust them. 
• Human processing of information is done differently depending on what type of 
data is involved.  
• When errors of omission are made due to information being forgotten, this is 
often due to a failure to keep the workers attention in active mode. One way of 
maintaining active mode is to employ continuous triggers or triggers that allow 
for continuous or regular attending.  
In conclusion, the area of information behaviour in manual assembly is not only wide, 
but also to a large extent unexplored. Though not a lot of applied research exists in the area, 
theories from a wide array of subjects such as cognitive science, information theory, 
engineering etc., can be applied with success and have been in this thesis. Several theories 
from the behavioural sciences such as human error (Reason, 1990), expected benefit (Jonides 
& Mack, 1984, Boardman, et al., 2006) and attention theory (Treisman & Gelade, 1980, 
Shiffrin, 1997, Wickens & McCarley, 2008), to mention a few, have been successfully 
applied to assembly in this thesis and have given insight to the nature of work for an assembly 
worker.  
This thesis set out to identify key risk areas within manual assembly and investigated 
this through the following hypotheses: 
Hypothesis 1  Using unsequenced data and thus minimizing the amount of 
presented information reduces errors and assembly time. 
Hypothesis 2  The use of symbols as opposed to article numbers reduces errors and 
assembly time. 
Hypothesis 2b  Using identifiers with semantic meaning reduces errors and 
assembly time. 
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Hypothesis 3  A mobile information system increases the range of information and 
thus reduces errors and assembly time. 
All hypotheses were at least partially confirmed although a reduction of errors was 
difficult to show in hypothesis 1 and 2 (including 2b). Hypothesis 2 failed to show 
significance but when reformulated as hypothesis 2b and retested with a new experimental 
design, it was confirmed. Hypothesis 3 showed a reduction of errors but failed to show an 
improvement in assembly time. However, as discussed in section 1.2, there is most likely a 
strong negative correlation between quality and productivity (or number of errors and 
assembly time) which makes it very difficult to improve one without having a negative effect 
on the other. Therefore, the partial confirmation of all hypotheses must be seen as a success. 
Also, had the strength of the negative correlation been known beforehand, the hypotheses 
would have been reformulated to claim an improvement in the number of errors OR assembly 
time. However, it is important to note that the positive effects that have been seen in this 
thesis, both on productivity and quality, have not yielded a negative effect on the other but the 
negative correlation mentioned above is instead visible through the absence of improvement 
to the other. 
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? ??????? ????
As discussed in section 7.1, validity; internal, external or ecological, is a complex 
matter. Good internal validity often leads to low external or ecological validity. Therefore, it 
is most definitely wise to draw conclusions from several experiments, to complement 
laboratory studies with field studies and vice versa (Parker, 1993, Brewer, 2000). This thesis 
has exclusively dealt with laboratory studies, hence external validity could easily be argued to 
be limited and generalizations hard to make. However, field studies are expensive and include 
a lot of effort to even get started, which is why a laboratory study is argued to be a good way 
to start. A laboratory study will reveal if there is any effect there to start with and 
complementing these results with field data will confirm the results. Recommendations for 
further work with regards to the validity of the findings in this thesis are to recreate similar 
experiments in the field.  
Even though the field of information behaviour is potentially vast with numerous issues 
to investigate, this thesis has given rise to a number of questions that, for different reasons 
need answering: 
• Variants disturbing the flow 
• The use of alternate syntax 
  
127 
 
??????? ????
 
• Continuous and discrete triggers 
• The difference between product and process information 
??? ????????? ???????????????????
An interesting effect found in study 1 but that, for various reasons, had to go unexplored 
is the indication that variants not only disturb the flow of a production line or station while 
they are being worked on, but they also disturb the following volume products. The saw tooth 
pattern in Figure 4-10 was expected as the tips of the saw tooth pattern represents the variant 
products, however the pattern does not seem to level out for the following volume product as 
was expected. Statistical analysis of this also revealed that the following volume product was 
affected and there was a slight ramp up time before the worker was back in routine volume 
work. This is believed to be due to the ramp up time that is related to the adjustment that the 
worker has to do when a variant product is introduced. A ramp up time for volume products 
might have been expected if several variants had been produced but in the case of study 1, it 
was found even after single variant products. 
Further investigation of this might be of interest to the manufacturing industry. As 
mentioned earlier, standards within lean theory suggest one-piece production with no batching 
of products other than what is demanded by the market (Womack & Jones, 1996). However, 
results from study 1 would suggest that variant products should be batched together to avoid 
the ramp up time associated with one-piece production. However, there are other issues to 
consider when debating these topics and even if the results from study 1 are confirmed in the 
future, batched production might still not be recommended. It would most likely depend on a 
number of other things in close relation to manufacturing such as logistics, human factors, 
management and probably many other. 
Nonetheless, these intriguing results do deserve further investigation and simply 
engaging in a passive time study in the field might confirm or reject these results. 
??? ??????????????????
This thesis has investigated, discussed and even speculated on the topic of information 
presentation syntax. Primarily, what has been investigated is article numbers and these have 
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been compared to using symbols or using names that contain semantic meaning (Study 3). 
The results from the investigations made have suggested that article numbers are in no way 
optimal for use in manual assembly as identifiers. Both symbols and famous names proved 
significantly better in the test and looking at it from a pure human factors perspective, a 
confirmation of these results from a field study would give a more or less definite answer. 
However, the world is not, and probably never will be, this simple. Even though the argument 
may suggest it at times, article numbers are not something that the industry randomly has 
decided to use, they do have strengths that would need to be accounted for in any new kind of 
information identifier. Perhaps the most important advantages that article numbers have is that 
they are infinitely combinable and unique. 
Further investigations on syntax could therefore be done on two fronts; firstly, 
confirming or rejecting the superiority of identifiers with semantic content above article 
numbers and secondly, finding other alternative syntaxes. One might consider using all kinds 
of different identifiers, perhaps even using different syntaxes in different places of production. 
In the future, one workstation might use cartoon characters while another workstation uses 
nation capitals instead of article numbers. 
??? ????????????????????
The stimulus-response argument in section 7.4.2 makes a case for a constant 
information flow that is continuously available to the worker. This argument is based 
particularly on the issues of stimulus-response gap (Section 2.7.1), data-driven errors (Section 
2.5.2.3) and loss-of-activation errors (Section 2.5.2.5). All of these are potential problems that 
arise when information is not constantly and practically available. Perhaps further 
investigation on the use of an information system that allows for continuous access to 
information, similarly to the mobile interface used in study 2, would seem redundant but a 
field study confirmation of the results from study 2 might still be necessary before 
development and implementation of such a system. 
The continuous access to information is also something that can already be taken into 
account by workplace designers. At most assembly plants, a workstation is planned and 
arranged by engineers whose main focus is on the technical, logistical and practical 
implications of certain setups. Seldom do they take into account human factors, which they 
should if they also want to keep good quality and productivity. 
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??? ??????????????????
In later years, the field of augmented reality has made a breakthrough and technological 
advances have made it more practically applicable in a wide variety of fields. Among the non-
recreational fields that have embraced the technology the most, the defence industry stand out 
(Henderson & Feiner, 2009). Figure 8-1 shows a the use of augmented reality in the form of a 
Head Up Display (HUD) used in a fighter airplane. 
 
????????????????????????????????????
Lately, HUD’s on windshields have also become common in cars although they might 
not yet be augmenting reality as they might come to do in the future. At the moment they 
mostly just show the speedometer and other information that traditionally is incorporated in 
the dashboard. In the future though, they might come to incorporate navigation systems, 
obstacle identification etc. Figure 8-2 shows augmented reality incorporated in a HUD on a 
side mirror. The technology is available but yet not very common. 
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??????? ????? ???????? ??? ??????? ?????????????? ??? ?????????? ???????? ??? ?????
????????????????????????????
Augmented reality is an area with huge potential and can already be found in everyday 
objects such as phones and cameras and an investigation of its potential use in manual 
assembly would therefore be of great interest. As hardware becomes even cheaper and more 
widely available it might not be long before the average assembly worker is equipped with a 
pair of augmented reality goggles and an iPhone. A few issues that might be of interest to 
investigate further on the topic of augmented reality are; 
• What type of information to present? 
o Task localization or task implementation? Both? 
• Level of assist 
o At what point does the information become “too much” to the worker? 
o What does it do to the cognitive information load? 
• Etc. 
??? ????????
Continuing the research done in this thesis, due to the lack of research in the area, there 
are two ways to go about it, go wide or go deep. Creating a wide roadmap of information 
behaviour in manual assembly would be of great benefit to both researchers and to the 
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industry. The former would benefit from having a platform from which deeper surveys into 
the topic might start out and the latter would benefit from simply having tools and guidelines 
to follow in, for instance, workplace design. Going deep and investigating the underlying 
psychological, neurological, anthropological or perhaps even evolutionary reasons for human 
information behaviour would give further understanding of the human as an information 
consumer and would probably also be useful for many reasons. This thesis has had a wide 
approach to the area and has dealt with a fairly wide array of behaviours. Even though it has 
gone deep in investigating the hypotheses, they have also been discussed on a higher 
conceptual level. Hopefully this research can be continued, either by confirming or rejecting 
the results and theories put forth in this thesis, or by simply adding to the knowledge of 
information behaviour in manual assembly. 
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